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ea AR NDICATOR 


‘ 
Designed specifically for rapid measurement of the percentage of 


entrained air in fresh concrete mixtures by the pressure method. The =n 


“apparatus consists of a bottom, flanged bowl, 8 inches i ‘in diame- 7 : 


and 8 d 8 inches deep. with a capacity of about 0.2 22° ‘cubic feet; 


cone- shaped cover with rubber gasket and screw compe: vertical, 
precision bore, glass measuring tube graduated from 0 to 8% « air in 


rawhide alia and strike-off bar for filling the bowl with con- 
 erete; ; liquid and filling- tube for adding water; con- 


we 95535 
for calibrating: and checking the indicator; and = 95535 
‘brush for cleaning the glass tube. Each and 


its cubic capacity. The unit is in a stout wood case with 
handles, hinged cover and ' for carrying all of the ‘components and 


e case also support inches; base, 12 by q inches. 


=" 


No. 25535 Cenco Entrained Air Indicator $207. 00 Approximate total 80 Ib 


> 


FEATURES: 


‘Unique clamping provides a and leak-proof seal All accessories needed for laborat tory or field Id use such 


between the lid and the bowl. rawhide mallet and metal rodding tool are ‘included. 


Metal bow! resists abrasion, denting or damage result- 5 
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or 53rd A \nnual “Meetn 
June 26 | 
nee s and Photographic Exhibits will Also Be. in n Atlantic 


JURING the entire week to complete | its plans and to put ‘into 


1 ON £ AND 
of June 26, the Soc iety’s F ifty- -Third effect the various — LASSIFIC or § Sons. 
Annual Meeting will be under way in by Cc ‘D- 18 on Soils for Engi-— 
Atlantic City. In conjunction with this Technical Sessions: 
meeting? will be the Ninth Exhibit of “There will b be other technical papers 
Testing App: wratus and Rel ited 3 ae following sy mposiums are SC scheduler subject ts of 
ment, and the Society's for the technical sessions: | 


Symposium on Errecr or Siema fur 

Some on these ‘exhibits HASE ON ‘THE Prope ‘RTIES OF METAL A Marburg 

on the ing page. ATED TEMPERATURES, At the Annual Meeting this y year, 

 Sympostum on Ci ORROSION AND E EROSION Marburg Lecture will be presented by 

oF Gas Turpixe Marerras.—Spon-_ Wallace R. Brode, Ass ssociate Dire 

City the week. sored by the Joint Committee on Effec t of the National Bureau of Standards. 

_ Many important technical contribu- of _ Temperature on the Properties of He will speak on spectroseopy as allied 

tions are in course of dev: elopment, and Metals. to testing and analysis of materials 


| 
the April BULLETIN will g give many more ___SyMPostuM ON SAMPLING OF Buix Dr. Brode, Professor 
details. Some information on sympo- by Committee themistry, Ohio State University, is is 
and sessions appears in the par-— 1l on Quality Control of Materials. member of A.S.T.M. Committee E-2 


-agraphs which follow. The neeting will Symposrum oN THE RoLE oF Non- Emission Spectroscopy 


be notable among other things for the TESTING ‘THE Eco-— the C ommit ttee on Application of Spec- 


“concentration of discussi n on me tals for ly _NOMICS or PRropuctioNn _—Sponsored by troscopy ‘to Chemistry, National Re- 


we at elevated temperature ser Ice. ommittee 7 on Non-l -Destructiv search Council. He has recently 
ing. ted the tem orary chairmanship to— 


YMPOSIUM oN Mr ETHODS or ESTING ition of the new 
The Philadelphia District is 2 


acting as host for the meeting, and will 

| plan some social events for everyone 
including a specific program of ladies’ 
mtertainment. Based on the experi 
ace with the 1949 meeting, at 
Atlantic City, the committee has plans ; 

| under way for events that will be very ree 
iteresting —further details later. 


<2 


The Philadelphia District Council is 
bing monthly meetings from now on 


: People at 


to mark the June 26 on his 4 
talendar and plan to be in « 
Gity. Attendance at the technical 

exhibits, and other events 


STM BULLETIN 


~ 


CTAA DIU LECTIN] | 
— 
| Number 164 BRUARY, 1950 
, 
= 
1 
— 
«a 
| 
| 
| 
— 
q 


mittee of men in the Phil: jaclelphia Areg 
headed by L. Drew Betz as chaiaall 
‘is directing the photogr: iphie exhibit, 


A.S.T.M. technical committees spon. 


 soring various sections in this exhibit 

1950 of Testing Appare. 
a tus and Related Ek Equipme nt is the ninth 

be sponsored under AS.T. 
F rom its inception, the theme has been 


4 


technic val and scientific one with empha- 
* 

sis on new dev elopments: that will be of 
: _ interest to the members and the la 


numbe rs of Visitors at the exhibit. Th 


past 3 vears, Many new instruments and 
h equipment have been first demon. 


-gtre ‘ated at these shows, and this will hold 
for 19% 0. esting mac -hine of all 


kinds will he on displ uv “t. There will be 

gla ASSW are labo yratory talware 
lines and several companies will stress 
_new types of electric al equipment for 
tpid chemiec: al: ‘and physic al measure. 
ments, including stress analysis and 
dynamic. testing. Res believ ed that 
time spent in the exhibit will be well 
repaid. ‘xhibitors and their represen- 
many being members, will be 


-tatives 


glad | to furnish full information about 


iii 


ow! 1950 Apparatus Exl Exhibit at Atlantic City other the same time wil 


Ir THERE is one thing cer- to be held the week | of the An- 
tain about the testing and ev: aluation of Meeting at Chalfonte-Haddon B 
mi erials and adv: ncement of research Hall in Atlantic City June 26-30. aque 
it is that progress is being made con- Leading companies the instrument ‘floor 
New and improved methods and laboratory supply field are par- ACCOUNT OF A annt 
and procedures for evaluating materi: ils tie ipating and will have muchnewequip- fieat 
and produe ts are constantly being on display— many items the ‘COMMIT: cE WILL engi 
ited 


industry, all of w hich calls f for new and @ During this” week also, adjacent to APPEAR | IN THE APRIL A. S.1.M 


better instruments and apparatus. This the apparatus exhibit, w will be the ; 
fact is one of the reasons why ev ery Society’s Seventh P hotographic Exhibit. “BULLETIN. 
member w ho can should plan to spe end This” will feature outstanding prints ff 3 
some time at the 1950 Exhibit of Test- ‘rel: iting to the general “subject, ‘Ma-— 
ing Appars and Related Equipment terials, Testing and 
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“Recent Actions oft Standarc 
n Wire, y 


xychloride Cement, Rubber, PI cs, and d Bituminous 


-ommi 


Co ittee 


ctea in 


"ire: ‘underteben in order to keep pace with brief 
Revision of Specifications for commercial developments. he advent 
Coated (Galvanized) Iron Telephone of heavier w eights of zinc coating and 0 
“approv new tentative es anges and’ Telegraph Live Wires (A 111-43) relatively high strength low resistivity 
on existing ‘standards as shown in the and the | preparation of the n new spec ifi telephone wire made it desirable to 
accompanying table. Some notes on -eations for Zine-Coated (Galv anized) cover the deve elopments. In order te 
indivi lual items voted appear ligh Tensile Steel T elephone and Tele-— avoid confusion, the members of Com to he 


- 
raph Line Wire (A 326 50 T) were mittee A-5 Corrosion of f Tron an 
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ihe: Te ‘ntative is being 


ons of bik. Committee on r work is still 
and Reversion to Tentative of 


Sampling Oxy eceass to rete AS’ T. M. 

and Ingre dients (C 239 a! Tension Testing of Vulcanize o retain ‘ 
ninth ber (D 112 - chamber thermometer (A.S.T.M. 
spices al “chloride C ompositions, apor ressure Test Thermometer— 


beens and Fillers (C 240 49 T) te ‘le- and: ard thermometer 


be of of Standard thermome ters that are quite atisf actory 

> large Zine Coated | (Galvan anizec d) High Ter Method | for this” particular use. require- 
t sile Steel Telephone and Telegraph st for Penetration of Bitum ments for this thermometer have accord~ 

Line Wire (A 326 - 50 ria als (D5 49). ingly been incorporated in vapor 


lemon- Rev Revision of Tentatives ssure me thod 325) by C om imittee 
ill hold Thermom- 2, which committee is also a ugreeable 


Specifications for: “eter (AS.T.M. Reid \ — Pres-— -diseontinuin spec cifying the use of 


will be 14 T). Spee. for Thermometers (E 


for Steel believed that a separate spec sific ‘a- 


. tio for the high gth grade shoul Standard Methods of Tension T esting on 


is and | henron gated. The ld “steel” grade 

be promulgates ie old “steel” grade of Vulcanined Rubber (D 41) have Airalon Acceptable 
that | is no longer bei ing commerci: ally s speci- not been changed since the oll with the poli 

re wel fied and it has been deleted from the N KEEPING With the polcy 


we synthetic rubbers. Much inv estig: ation of -the Society an d its Committee C-1 on 
will | ane sed revision of A 111 - 43. The and refinement for obtaining better Cement, it is announced that the material 
will be | word steel has be en eliminated in the 


roducibility of tension testing was known as “Airalon’’ has been declared 
about title of this specification. 


connection with ‘the er overn- acceptable as an addition to the cements 
well as ‘Then new tentative and revised A 


covered in T tive Spec ifications C 
ment’s synthetic program. To ymodern- covered in Tentative 


ne Will | yill both appear in Part 1 of the new 175 T and C 205 T. 
‘isitors. | 1949 Book of AST. M. Standards, ize the methods, in this revision these ~ 
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h recognition comes after completion 
Ta » 
_ improvements we re included, be suitable tests and review of existing | 
Magnesium Oxychloride: cause further revision is contempl: ited data committee." Che present 


to avoid delay, the was ns mentioned above will in- 

Beeause -approxime ate ly ) million ications me ab 
if clude, in their next revision, footnote ref-_ 


reverted to tentative. 
> 
“square fee t of _ oxye +hloride cement erence to this latest addition to portland = 


fooring and marine dec ‘king : are inst: alled Vinyl ‘horde Plastics:  eement. The material is known commer 
annually this is considered ample justi- 


Since saat plas stics are being ‘used cially as Airalon, manufactured by <j 
feation of the demand by : architects, for Dewey & Almy Chemical Co., and consists 
engineers, contr: ictors, and testing 


yurposes, and ins sulation materi il, substantially of hydroaromatic and fatty — 

“oratories that there be available accred-_ carboxylic acids, being derived from an 
ited methods of test for the required | 


“4 
it been found neces <3 alkaline process paper manufacture 
§ EC1 ications onrigi Iny 2 » | 
materials. The Tentative Method for and neutralized to ms ake | a water -solub 
shlorj leC ride Plastics. technology of these soap. ‘The acids, if re generated from the 
1i¢ ( J 1 ( { 
ateri: als changing tod: ay and soap, have an acid number of 150 to ! 60 
tee C-2 on M: agnesium Oxye chloride and 
Osysulfate C ement to meet this de- 
mand . Companion specifications, Ten- 
tative Methods for Sieve Analysis of 
Ms 
Magnesium Oxychloride Compositiot 
Aggregates, and Fi iller _and ‘Tentative 
Method for Sieve An: lysis of Plastic 
Caleined [agnesia, we also 
migated. 
These will appe appear, in n Part 3 of the: 


new Book of Standards. 


— 
uminous Materials: 


The tent: ative re x “Standard 
Method ¢ of Test for Penetration 
Bituminous M: aterial (D 5 — 49), 
advent brief when adopted, restore the 
g and of hinimum time for the sample to be in the. 
sistivity tonstant- -tempe rature bath to that time 


in the original stan lard D 5 5 — 25 ie In , 
it pr ws mne- ha “Hematite and Iimenite”—Second Prize Winning Mic ograph an 
of 0 Photomicrographs Section, , Photomicrographs Group (Ores and Minerals), in the Sixth 
80 that the time of imme rsion is A. S.T.M. eerie Exhibit, ved C. A. Rasor and E. J. Thomas, American Cyanamid _ 
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in als Ww illiam Baldwin, dese eribed in previous is BULLETINS, so some | 

Jr., the Symposium on Metallography i 7 notes about the 1949 P. roceedings, ‘the J tic 
or, and the Sy mposium on E Effects of —  &#F lat- rolled Steel Compilation, the Man. }_ be 
yeratures on the P roperties of ual Fatigue Testing, Special Com. 


aterials, all of which have been fully snes other items appear below, 


N THE past few in 
some new compilations, 
everal parts of the 1949 Book of 
AS.T.M. Standards have been ‘made 
available. In addition to the 1949 


% 


\d 


1949 Boo ok of A. M. “Manual on Fatigue Testing, Compilation of Specification | 


tandar ds—-Progress for Ste eel Flat Products 
> 


= 


more than one-half Testing, by Committe E- Commitree A-1 on Sted tio 
ntal task completed Fatigue, is now in print. purpose is sponsoring new public ation titled | con 
Society is pleased to announce that _— of the Manual is to supply information “A.S.T.M. Spec cifications for Steel Flat pa 

arts 2, 4, and 5 of the new 1949 Book those setting up new laboratory ‘ts,”” intended primarily to pre. 
AS S.T.M. Standards have become facilitie aid in operating the equip-— in a convenient form for reference 
railable during these past weeks and ment. properly , and to offer advice various A.S.T.M. specifications 


are being shipped to members in accord- presenta ation and interpretation of data. pertaining to steel | plate, sheet, and - tha 
with instructions on file. ‘The section | on Symbols an and Nomen- strip materials. 


Actually the whole job is nearer com- clature for Fatigue Testing defines es all includes specific ‘ations for steel flat | not 


pletion than it first appears . Part 1 terms (and their corresponding sym-_ ts for structural purposes and 
“4 will be finished at the dgun yt as this bol that are likely to be found in fa-_ _ boilers and pressure vessels prepared by | . 
tigue testing. *he symbols used A-1 on Steel; also specifica- ‘Sp 
those recommended by the Ame can tions for corrosion-resisting steel flat 
ation, products developed by Committee A-l0 | Def 


_ The section on Fatigue Testing Ma- | Nick ‘kel and Related Alloys. To make 
shines classifies them a s to (1) type of ey pen sma 
volume more complete there are als | § 
load, (2) type of stress, @) design char- specifications for wrought iron plate ards 
acteristics, and (4) operating character-— I 


istics. More than 30 illustrations eid ie | i 

and for: metallic 


on Wrought Iron 
in showing the differences i i the various 
pted iron and ste 


types of ue te: ting is jurisdiction | of Con mittee al ral 


well as those used by many pioneers of fron al 
ie fatigue , such a: oore, ‘specifications his sive 


se. Ss S 


Amsler, and others. o This section con- e AS M.E . Boiler Construction | “Code | engi 
tains th: 120 references. and the specifications for structural 


‘and TI f 
1e sec ion on pec imens anc OSes have widespread I 


c 


the. on wi these has 
been progressing along parallel lines. 
Because of this, I arts 3 and 6 shoul 
appear in final form simulti neously 
time in Marche 
Today, with the extension of Society 
vork into new fields, the complete Book 
comprises about 8300 pages with over 
1580 A.S.T.M. Standards and Tenta-— 
tives. To publish these in books of 
convenient size it was necessary to pub-- 
lish the complete 1949 Book in six parts 


cima 


— Part 1 (On Press)— Ferrous Metals 
Part 2 (Now Available) —Non- Ferrous 


(March, 1950)—Cement, Re- various types of specimens, both metallic publication comprises approxi: for 

fractories, Glass, Thermal Insulation, Con- and nonmetallic, i di ustr 
crete, Road Materials, W aterproofing, 200 pages and is expected to be 

rice will. be $2.25 list, and $1.75 to 


Part 4 “(Now Available Paint, N a- 
val Stores, Wood, Adhesives, Paper, 


art 5 Textiles, lection of samples and preparation, and and 
a measuring Specimens. The pr presenta-_ bow 
"are summarized in two separate sections 949 | 

carb 


ow hich describe general considerations in _ 


ings for 1949, Vol. 49, which include all 
of the reports s of the technical commit- ¥M 
tees and 1 a large number technical | 
papers, will go in the mails shortly. | ven 


=) Each Part has a detailed Seddon wi 


Aggregate 12 200 00 Pages 


82-p: we ‘Manel with 
a bibliography \ which contains more than 


with aed backstraps in 


- Parts 1, 5, and 6 are ‘$10 each; Parts fifty. references, although “not intended This b 00k represents one of the very | al , 

2,3, and 4 are $8 each; andallsix parts to be on the subject of fatigue tangible and i impor tant assets of met 
are $54. _To AS S.T.M. members for testing. = ship in A.S.T.M. It is sent to every 

extra copies, Parts 1,5, and 6 are $7.50 of 91 can be obtained for "member, whether company, and 

each; Parte 2 3, and 4 are $6 each; rs or sustaining. cally 


The difficulty of rev iewing adequate 


x. and all six parts are $40. 50. 
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mittee sessions would not only be informa. 
ara tive but would be useful to your business — 
FEBRUARY 1950 in helping to shape the standards in g 
most desirable way . The Society itselt 
isk have the fullest possible re 4 
wishes to have the fu ty ssible repre. 
164 sentation of producer and consumer pres. 
addition this w: work 0 of 
art » Societ 
RACE STREET ‘the standards, the Society pres sents and 
publishes a at number: of 
papers. This ac tivity is ne cessary to 
= om ake available the latest developments — 
thoughts on various subjects so that 
members will have information necess 


to arrive at st: and: ards n the need for 
the 


is frequently said that the best 


asset of the many held by the me mber- 


Society ship committee is the A.S.T.M. mem- 


selves. T he efforts of our 


knowledge of the evaluation and applica- 
tion of engine ering materials.’ inembers s to promote interest t in the 


Frequent C ‘ontacts and Develop- iety ab most. 


RING the pas year, 
M. members hav e done 
of work to aid the A.S.T.M 7 
Committee on Membership, which is a 


It mpeg" to me that one of the main _ 
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irecto benefits of A.S.T.M. is the personal 
ube ‘committee of the Board of Directors the eurve of new members continues 
There are various phases of the w ork, upward. 
ngs an committee week meetings. 
those which have greatly impressed _ ings and at the 

These contacts, together with active partice 

Us are the contacts m: ade by our me 


ipation— the work of subcommittees, 


bers, largely through letters in telling serve to keep in Adv 
Prospective companies and individuals mue ‘better abreast of the 1 latest 


what our nbers think about ‘the development in testing methods and speci- 


_ benefits of membership. — The following ¥ fications than is possible in any other w: ay. “many references ‘to ae AS 
“excerpts from copies of many fine As a result one gains advanced infor mation in advertising and in 


the Membership Committee files a : regarding developments in the fiel is of 


testing and specifications. Although the 
Headquarters point up various aspec believe such references are to be 
! I A S.T r. M. _mee tings conducted in a 


of why AS .T.M. membership may be a nner, they afford r - encouraged for they serve to bring to 
advantageous. these ex- ome opportunity for relaxation and the the atte ntion of the er a better knowl. 
_cerpts stress different ph: Ses of mem- renewal of friendships has proved edge of AS. S. M. lards. Time, 


- bership ‘indic ‘ating that to one member a great satisfaction to me. It is generally © effort, and money are spent in develop- 
"standardization may be of paramount: 


accepted that the work of the Society is specifics ations and tests which 


signific ance, , to another the: personal al esse ntial to American industry and th: bs on extensive r researc work. To the 
‘ontacts and to another keeping in _its benefits extend to all phases of industry. aehieve maximum benefits from all of 
vouc th with trends, etc. t It sew to me th: at of d this, the st: urds shoul 7 applied ‘Jot 
upport to an organization that ‘IS working as widely as possible and the type of 
Participation in of Speci fica- our benefit.” ier. this, | 
Research: reference noted contributes to this. | hei 
Keeping Up with the Times: Recently we noticed in a leading busi- stay 
S.T.M. is, as you probab ly 3 “Apart from being in a technical society “ness journ: il a full-page advertisement 
now, as the basic materials of high standing, membership in A.S.T.M. with picture of the product cov ered and 


Spec ification making body. Most. sts ate 
- and many Federal specifications are de- 
rived from or based u upon A.S -T. M. speci- — 


invaluable for the standards and speci- in large type the statement— 


fications which it issues. Not only are MEE TS AS S ! 
these specifications m: ide available to you 


copy explained what the 
so far as specifications themselves represents your particular industry you Specification was and referred 


re concerned, information or current 
bad _ requirements can be often obtained from 
several sources. The A.S.T.M. member 
has several added advantages. He partic-_ 
‘ipates in the development of specifica- 
tions, understands the basic reasons of 
various requirements, gets the vie ‘wpoints | 
of both producer r and consumer interests 
7 on the committees, and is able to influence 
_ and promote specifications that are usable 
and equitable for, all concerned. Also 
he has advance information as to the 
dies tion new specifications are going. 


have the opportunity to partake in the | product and the company producing it. 
for mulation of these speci cations w hich Whi at wel nt through th e mind of eacl 
affect you. ‘This permits you to kee] person seeing the ad we would not pre 
your ear to ne spot trends to answer. But it is to be : 


who did s see the advertisement took it 
granted that “ It mus st be a quality 
duct.’ Of course, this is a primary 
= for us sing AST. M. 
“assurance that if the prod 
complies it is’ at a 
‘satisfac tory level of quality 
~~ ‘Perhaps our members and others col- 


cerned with our work might suggest to 


would urge you to present 
advantages of me mbership in this 
Society to your agement. can 
truthfully say. that it has been the most 
useful, in a business sense, of the Technical 
Socie ties to us. - The stand: ards publ lished 


by the Socie ty are generally used 


a “member of the iministrative 
Committee on Researe as been a 
privilege to. see the coverage in industry. The committee meetings and cutives 
_ research accomplished by the Society, not - discussion which lead to these standards 4vertising and sales executl ‘STM 
alone through its own committees but are most informative and rank with the appropriat _ reference A id 
through its with best of the technical sessions held by any Ste andards ‘time to. time woul 
have > speci ific advantages. mith 
February 1950 Feb 
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for s spectac ar enginetring works to a rec ent al 
as a huge building or bridge or ae tivity has been his service ‘as cha alr 
mammoth concrete dam, "while ve ry man pro tem of the Ohio Valley Distric 
important, may not be the most signifi- recently formally y organized, 
cant use our standards. The great 
of standard test methods 


on Materials for High- 


and specifications in sp earheading Temperature Service 
search has been the subject of a series of J. Ww. Bolton 

-articlesin the Butterin. T he series has Although thes Society does not ine lude. 
ealt, rel: ition standards test requirements for elevated. temper: 
s gaseous fuels pr 
(January ASTM BULLETIN), paints and 


tions, it has made availab le some recom- 
mended test me methods. Among these 


22, Recommended Practice for Con- 


ducting Long-Time High-T emper: 

_ Tension T ests, first published in 1933 as 
an outgrowth of sev eral years of coopera- 
_ tive study. Prior to that time there 
ad been great variations in techniques 


and others. Below is a brief description 
bya jong-time A.S.T.M. member, who 
an authority in his field, involving 
~ the use of materials for high temper ature 


‘The purpose of these | articles is to 
highlight this facet of the use of sts and- 
ards which, it is believed, has not been 


fully considered and ev aluated before. In the men- 
- Weare apt to think of test methods and _ tioned, ilies variables were fetreted — 
specifications: 1: argely from the st 


and procedures for accurate testing 
point of insu insuring g quality, exper diting were established. The 1941 revision.was 
insuring reproducibility of 


and is helpful toward even more accurate — 
products, ete. U Unquestionab ly the use 


and reliable testing procedure. 

of standard test methods in research is 
of incalculable influence in the deve lop- 


At the time of the original studies in 
_ ment of new and improved products in 


e Joint A.S.T. M.- ASS -M. E. Research 
the ‘Effect! of Tempera- 

‘the research laborator 

_ The writer of the case history be ‘low, 


ture on the Properties ot Metals, the 
‘ central power stations used in industry 
John Bolton, Director of Metallurgical — 
Research and Testing, The Lunke n= 
heimer Co., is widely know n out-— 


were beginning to go to 900 F. yoperation, 
as contrasted to the 750 F. 
standing w work in his field. A member of time tensile strength or ‘ “creep strength” 
is of relatively little mo ent, design- 
notably A-3 on Cast Iron, on Steel wise, up to about 750 F A since useful 
and its Subcommittee XXII on Valves, — 
Fittings, and Piping for High Tempera- 7 need be but sligh tly less than’ those 
applicable at room temper rature. As 
Copper and Co spper Alloys, he temperature is increased, however, the 
work of the Joint A.S.T.M.-A.S.M:E. becomes inerea asingly rapid, up to and 
Committee on the Effect of Temperature 
on the Properties: of Metals. He was 1050 F. In some st: ations» placed 
committee. — This case history, brought 2100 psi. steam is handled at 1050 F. e* 
to the ¢ attention of the . AS.T. M. C om- AS. T.M. Recommended Practice E 
irom a field in which the Joint Commit- dev elopment, , evaluation, and applic a- 
tee and Subcommittee XXITofA-lhave tions materials for 


common say to about 1928-1929. Long 
many A.S.T.M. technical ¢ committees, 

working stresses at that temperature 
ture Service Committee B-5 ot 

] -) ON 
has for many years been active in the gh drop in safely usable working stresses 
fi 
for a number of years secretary of that: operation vithin the last two ye years 

mittee on on Dey elopment: al Activities 22 is a test method without. 
done pioneering work. Mr. Bolton is a 


| of the A.S.T. Administra- 


Te we of Fuel 
uels; 


See future ASTM BULL ETINS for addition 


M B LLETIN 


ase 


ture properties of metals i in its specific ~ 


operation STEEL FouNDERS’ 


ine ‘luding oper: ating temper: itures of 


in in A 


ower snd Valve 


tive tests thee ited advance es in the power 
industry wo mid have been impossible. 
Similarly, in 1 the ast-bronze alloys 
field the A.S.M.E. once proposed ri 
the alloy for ste “am or bronze valve 
‘astings, A.S.T.M. Specification B 
and A.S.M.E. Boiler’ Code Specifiea- 
tion SB- 61 lat 406 F. This would have 
restricted the applications of 
bronze alves, Vi alu: ations by “Means 

prov vided under E 22 led to up-rating a 
at alloy as suits to 50 


th: this Prac- 
tice E 22 is among test procedures whose - 


velopme ant ithin the Society has had 


far- reaching engineering and industrial pos 


signific ance. We here at The Lunken-— 


heimer Company have been enabled to 
evaluate our new materi: als resea are thes 
by test, niethods 
important. 


American Society for Testing Materials. 
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Committee Week, Fe bruary i 
Hotel William enn, , Pittsburg h, Pa 
Socimry or Purastics Inpu 
onference, March 2-4, Hotel Del ic 
InteR-Sociery Coton Covunct. Annual 
Meeting, March 8, Hotel Statler, 
AMERICAN Rai w aY ENGINEERING Associ 
TION—Annual Meeting, March 14-16, 
Palmer House, Chicago, Bas; 
Society or AMBRICA— 
Annual Meeting, March 21- 22, Edgewater 
Beach Hotel, Chicago, 
Society ror AppLiep Spec TROBC cory¥—April 
1950, Socony Vacuum Training Center, 
New York, N. Y. (Speaker: JR. H. Bell, 
Chairman E-2 Subcommittee on unde. 
4 


mental Methods), 


Meeting (Divided), Mareh 26-30, 


Tex April 9-13, Philadelphia, Pa. 
April 16-20, Detroit, Mich. 
AMERICAN SocieTY or MecHAntcaL E 
NEERS—Spring Meeting, Week of April 10 y. 
Hotel Statler, ashington, D. C. 
Meeting, April 23 27, ‘Hotel Statler, "New 
York, 
AMERICAN FOUNDRYMEN’S 
Annual Convention and Exhibit, M: ay 
8-12, Public Auditorium, Cleveland, 
— Society for Testing Materials — 
53rd Annual Meeting and 9th Exhibit of | 
Testing Ap yparatus and Related Equip- 
_ ment, June 26-30, Hotel Chalfonte- 


ines Standar P 4 q 
> be 
mbe 
— 
5.T.M. | 
Time, | — 
‘ 
“ 
| — | 
| 
| 
| “4 
= q ell 
| 
a 
| 
sible. Without this and other evalua- 
CaS cading research see: September BULLETIN, p.15, Knock 
Oc ber BULLETIN, p. 19, Paint and Varnish; January 
seo 1 case histories from the files of the Developmental Com-— 


son provision for publishing mos the 
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National Meeting last October, as well | 

P HILE det tailed re port t number ak: spec al 3 It also 


oof ‘the financial operations of the Soe iety” 


The net surplus on Yevember 31, ine ludes the of $40,000 
during 1949 will be included as ¢ ustom- : 


1949, was $219, 235, whic is about urrent income toward the reserve 
2 q or 
ary in the next Annual Repo »port of the per cent of current annual operating a publishing the 1952 Book of Standards, 


Bis bursements. It is the feeling of the it will be seen that a favorable le operat. 
submitted | by y the Executive Board ciety's fi ing balance of $10,000 is ‘expected, 
‘ret to the Board at its meeting uncial po osition y ber muc hs stronger Whether this will be re: alized is depe nd- 
these net reserves were at least ent upon many factors which can only 


January 17, 1950. 
Janu equi to one year ’s operations; ir in other be e approximately _allowe The | 
1949 Operating Receipts: “ words, that the ratio just mentioned — foremost of these factors, of course, js 


The ace ompany able show 


~ should be ¢ at least LOO per cent. — The the influence of business and ‘economic. 
vereipte for the past three 


Board this ‘conditions on membership growth and 


ealendar years. Receipts for 1949 were problem, sales of publications. With respect to 
slightly under those for 1948, accounted -—3 he et iy of Society activities in the both of these ‘items it is bel is sent red that ca 
or in part by there being no exhibit in = ast decade, coupled with me influence budget is conserv ative. be 


1949, and the fact that sales of the 1946 _ of greatly rising costs, is seen in the fac t The Finance pl 

Book of Standards were naturally lower at in the last decade Society course, review rec eipts and disburse 

in the third than in the second year ments have approxin nately tripled. i In I nents quarterly and. will make such 

this same period the net surplus h: as in- modifications in the budget as may be 

IV 2.6 nes, 


sharply, due to the publication: of 7in- (Charts: 


_ following publication. Also there were 


‘stead of 6 issues: and an 
advertising r: ates that became fully The charts here pu fished give. 


operative | ast year. Ine rease in re- raphic ntation of the source 
me ¢ a ow it Was use n 
eipts from dues reflects the net increas ase inco ollar and how it was used. <a ” ™ 


slightly ‘ov er 2 per cent. salaries, general oftice expe nse, equiva- 
iy, rent, and other overhead items hav 
{ 


1949 Operating ng been apportioned to the major lines 1949. 
stale activity shown i in the chart 
about: S491, 000, which is an all- -time 


high. As usual, pub lic ‘ations and sal-— 
aries together ‘account for close to 80 In the: budget for 1950, current im 


per cent of all disbursements. Expendi- come was placed at $560,000, made u 


ewe 


Development 


tures for publications were up over 1948, of dues and entrance fees of $205,000, Publication of Standards 

largely because a big share of the costs of plication sales misce Aneous bis \ | vis 
‘the 1949 Book of Sts andards is being items O00. ‘stimated disburse- pels or 


“Discussion, 
Proceedings 
and Bulletin 


paid from 1949 income. There i is also ments are $550,000, made up of public a- 

reflected in this figure some incre ase in tion costs of $244,000; 
costs of printing. The ine "Tease in suc th expansion as. required, $186,500; 


salaries reflects increases in the salary general office 
seale effective during 1949, and an in- meeting expenses, head- 


erease in the size of the staff from 50 to quarters and mise ellaneous $119,500. 


Admunistrotive Expenses-\ 
Meetings, Membership, 
\ Sales, Publications, etc 


Income Dollar 


53. The ratio of salary roll to total dis) T he budget ations ine includes 


namely 35.1 per cent, 


OPE RATING RECEIPTS 
pares with an average for the. past five” 


The item of headquarters’ occupancy $202 782 ‘| $i99 s92| 300. 
plus the por tion of salaries Changeable 12 952) 51. 251 708 den 
building management, is equivalent: he y 
Interest and Dividends 
to re rent, and amounts to about $2 per Registration Fees. *.... hen 
“squa: ire foot. This compares es with Phila- com 
-delphia office rentals in downtown loca- lotal Miscellaneous.............. | Ine 
tions and for compara able facilities $. “Torat, $502 048 100 half 
I 
Favorable Operating Balance: 


2 732 154 274 
40 910 


For 1949 there was a favorable cen 
ing balance of just ov er $11 

Operating balances or deficits for 


$195 617 | 45.4 
144 601 deps 


General e Expense........ 
Meetings and Technical = 


| 

— 

a 

d 

x 

| A 

— 

oh 

ae Sales ublicatons 

— 

_\ 

| | 

— 

ver 

| 

— 

— 

x 

$490 871 | 100 | $459 427 | 100 | $430 397 | 100 


"Student Prine Award Plan | 

Members: Can Underwrite 


Prior to the. there 


wll 


leering schools a pl: by w hich 


The 
se, is 
romic 
1 and 
act to 
| that 


student membership in the Society, the 
cost for this being underwrite n by some 
AS $.T.M. member, frequently an alum- 


been suggested that this plan, which be- 
came largely inoperative ¢ during the war, 
be publicized again. Full details of the 
of ~ plan are given in a special folder whic ho 
purse “will be sent to any member on yn request, 
here, inessence, isthe plan. 
A member of the Society, by under- 
‘writing the cost of student member erships 
($2 per year) can arrange to h: ave these 
given to meritorious students a 
felggition of their work ‘or interest in in 
; — courses which may tie in directly 
| with AS.T. M. activities. Usually the 
~ donor will set up thie arrange ments at 
the school of his choice with the des an of 
or. department head or 
professor. In the past, awards have 
been given for meritorious w york in test-— 
materials laboratory, ourses” in 
engineering, and ine courses 


gla ad 


ar 


times at which are 
vary, depending upon the courses. 
7 Sometimes the student winners are 
; vised by faculty members a at the s 
or a letter is sent out directly ‘from 
AS.T.M. Headquarters. 
believed that ev eryone 
cerned with this particular plan may — 
derive considerable benefit. The stu-— 
dent by his membershi p gets the ASTM — 
BULLETIN, he may request the Year — 
Book, ean request reprints of ‘technical 
papers and reports, and can procure a 
copy of special compilations of stand- 7 
ards at greatly reduced prices, or the 
300-page Selected tor She 
dents without charge. or exam ple, if 
he wants the compilation on on petroleum, wed 
a: he may procure this at a charge of $2.: 25, 7 iY 
compared with the list price of $5.50. 
- 7.5_ | Inmost cases the student price is about 4 
| 100 "half the member’s. The Society bene- 
fits by having the young student engi- 
or scientist become acquainted with 
47 work, and he is a potential future 


search, 
ers ond 
ceedings 
Bulletin 


dent Membership as Prize 


— 


ved i in an n orderly 


books. 


may be quite 

effect at a number of technical spread. 

> Forms describing the award plan will — 

be sent on request with no commitments 

> who had ees Pheri ee ‘work implied, W hile there has b been no uni- 

7 in certain classes’ would be aw: arded “a formity in the number of awards under- 

written by members, frequently five has — 

the number a member _ woul 

4 

sponsor but it has varied from three to 

of the particul: school. It has ten. Shoul 1 the donor w ish Head- costs, impossible to totalize, 


school r: ‘than to 


the matter directly, be 
diy. 


and are several ‘of pro- 
vay. a T he ott at cry ing 


theory, “the at 


“Tt is dificult an engineer to resist— 


the urge 
something not quite standard, in order to 
achieve some local need, fancied or real. — 
It is even more difficult for the manufac- 
turer, in periods of low business activity 7 
to resist that re quest | ‘st because not only does 
he need the business but also he does not 
wish to jeopardize the over-all and perhaps Hi 
sizable order. The customer engineer, by Ps. 
~ winning from the manufacturer an agree- 
ment to something beyond the standard, 
may indeed take pride in this horse-trad- 
ing, feeling he has achieved some gain for — 
his company by doing. =| Nothing is 
farther from the truth. The inese apab 
result is an increase in costs. They r may be | 
but 
they are none the less real. They inevita 
bly must be taken into account and play a 
_ part in establishing cost levels all out: of 
proportion to their transitory worth. In 
this respect, manufacturers are at the 


merey of the use of their equipment. 
The powe produce 


to bargain for ‘something 


ers who are anxious to” 
keep investment costs down must not only 
encourage the establishment of standards _ 
‘but also must insist that their engineers 
abide by them. The final users pay for 
every successful attempt to sabotage either 
a er’s or an — standard. 
The closing paragraphs of an address by 
& AY . Monteith, Vice-President in Charge 
Yngineering and Research, Westinghouse 
Electric Corp., before the Annual Conven- 
tion of the Edison Electric Institute, Atlantic 
City, June 1, 1949. An adaptation of 
article was published in Standards W orld, 


A utumn, 1949, e ntitle a 


AN LIBRARY 


not in 


AAA 


- S.T.M. specifications have an important place in covering suatestidin which go into a 
-modern central station unit, such as the one shown | here. Itis the Sewaren Station of the 


‘inember. Undoubtec lly ‘the school or 
Public Service Electric & Gas Co. of New Jersey. In the foreground is a 


department benefits by interest in the _ 
and from having meritorious’ 
dents receive this rather simple yet dis- 
Yes, ev en the donor should get con-— 
siderable satisfaction from supporting a 
plan of this kind, realizing that the 


15 950 


105,000 kw. 1050 F. inlet steam temperature, “3600 rpm. tandem unit, with a similar 
General Electric unit in the background. Note the group of figures at the left to gain a 
of the construction ‘materials used in those turbines for which A.S.T.M. has issued 
_ standards include steel plates, various types of pipe and tubes, the condenser tubes and 
plates, for turbine rotors, generator shafts, etc., and other The 
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mrated program of creating 
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100 
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of the Society’s work in standardization and res: 


ctivities 


on Stress” 


coal was ‘direct tor of ‘the Los 
Angeles C ounty Air Pollution Control 
HE AVY atte duced by another live-wire al, 


CoN District and then returned to the Bure: 
ove r 500 | gre eete d William ‘Bean, Jr., atnall, who had the sa 


ta Mines in 1949 in his present position, 
tesearch Consults ant on Stress An: alys sis 4 program. feature of this meeting will be the 


when he g gave his dynamic “lecture in his lecture which actual De. MaCabe’ by 


Phik adelphia.: at the Benjamin Fr: anklin demonstrat strations ofa great deal of equip- sociate, A.S.T.M. Past-P vesirent and 
Hotel on January 31. There was excel- ment, some of it new, Mr. . Bean re Honorary Member Dr. A. C. Fieldner, 
Tent representa ation from the ST. M. -peatedly emphasized “th: it. available hief, 
members in the district, from A.S.T.M. -— stress-analysis equipment and n materi: als an U. S. Bureau of Mines. Dr. F ieldner_ 
A-1 on Steel which lits can almost alw: ays do a better. and faster himself is an authority on this subject, 


mee tings over the three-day period job of determining stress distribution There is to be dinner at the Insti- 


beginning: Janu: iry 30, ‘and ms iny mem- — than ca can an analyst. with | any kind of |  tute’s Dairy Dell beginning at 6: 30 p.m, 


of the Society for Experime ntal  mathematies . Even a brie résumé 


sharp. rvi ations an 
Stress Analy sis were The his talk is virtually impossible bee: ause through AS.T.M Headque 


mee ting was a one the extensive ground « cov overed,, but 
the A York, March 24—Electronics 


prece al session Mr, Bean i is give a simi- ‘Tin New Vork Dix trict is much inter- 


about 180 present, District ‘hairman lecture in St. Louis at a joint meet-_ in various aspec ts of 
QO. Sehs aefer introduce: 1 the office ers ing of that Dis strict with the Ein Engine ers which are carried out by servic e branches 
both societies and called upon AS.T.M. Club of St. Louis. Anyone ne who can of the F ‘ederal G ernment, and has 

Pr resi¢ dent J. Morrow, | who spoke 4 attend will be to 3 fortunate to secure as speaker 
fly complimenting district for its = for stress analysis and March 24 mee ting at the E “ngineering 
ac im r sean was intro- re ated problems. Societies Built ding, ndwin . Spea akman, 

In. ae _ research in relation to nation: il defense 


7 


Several District Schedu ed is to be introduced by M. B. Chittick, 


Ait Electronics, Stress Industrial Photography 


ag New ¥ ‘ork District. his ‘group is 
of the dis- ngineers’ : auditorium, ill actively concerned w ith a number of 


and now head of the Reserve Officers i in 


anning local meetings, some "sponsor: meeting on Photography in technical problems. 


in conjunction with other society chap-— Industry. =) While the subject of electronics re- 


and sections. Following its very The New Engl: ind District is planning may from one viewpoint be 
suc cessful meeting | on Stress Analysis i in - meeting on April 10, and the WwW estern rather special, it is believed the general 


Philadelphia, this district plans to have New York-Ontario: group also is plan- principles involved, and the discussion 
another technical session at the F ranklin ning to have a Session, possibly in St. whieh will follow the paper, will be of 
Institute on March 8 on the subject of. Catha wines that same month on April 21. te nay Paes 


on Mareh 24 will have an outstanding "Philadelphia, Lewis, March 28--Streas 


speaker on Electronics Research in The St. Louis District in cooper ration 
Relation to National Defense. This is 


‘One of th e country ’s outstanding 3 with the Engineers’ Club of St. Louis, is 
scheduled at. the Engineering Soc ieties authorities on air and stream pollution — sponsoring a joint meeting at the Engi 


Building. will speak at the Ma arch 8 meeting in neers’ on Tuesd: Ly, y, Mareh 28, fea 
On Mareh 28 at the St. Louis E ngi- Phil: adelphia at the Franklin Institute. _ turing a lecture by Wm. T. Bean, Jr, 
neers’ Club, the district there will hear Dr. Louis C. McCabe, Chief, Office of who gave a similar inte resting -_ 
Wm, Bean on Stress Analysis in Air and Stream Pollution, U.S. Bureau stration in Philadelphia. This is 
Action, and he following ev ening, _of Mines, will cover the subjec Atmos- dyn namic presentation and kept the 
Ms arch 29, in 1 the We estern S Society r of | pheric Pollution.” Prior to the tech- attention of over 500 men at the Phila- 
nical session, the dinner speaker, W. B. delphia affair. The recent meetings 
of Services, Atian- held d with the Engineers’ ‘lub! have beet 


tie Refining Co., will basic very interesting and successful, and 
DL AL LY it to ate any of anyone attending this mee ting it is be 


| the meetings ‘sponsored by districts. lieved will. have spent Ww orth- while 
and committee members in the | 
areas, their friends for three of U tilities : 
tes are cordially d | > Industry 
ordially invit tec Section and Deputy Power Procure- 


ment Officer in the Taking antage fine new 
| Gener ral’ 8 of the U.. fae the We estern Society hes 


am | came a Colonel and had much 
1 expediting mining of coal jn 4 
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s interested. 


Western -York- Ontario—April 
21—Photography i in Industry 


The Weste York- Ontario 4 


District, under the C hairms 


ngineers, 
feature at its. on Mare rch 2 29, the 

subject of Photography in Industry. a ap 
The new Eastman film entitled “F une- 


al Photography in Industry,” an 
tone "an of Power: 


excellent over-all presentation, will be 
lowed by a short technical talk and AST. members and committee Dr. O. Ellis has arranged joint 
disc sussion by a technical "representa a- members in New England at are urged to mee ting ily Niagara Pt eninsula 
tive of Eastman Industri: al Photo- attend the District Spring Meeting at Branch of the Engineering Institute of 
Los graphic Division in Chicago. Northeastern University on April 10, Canada to be held : at the Hotel Queens- 


way, St. Catherines, | Ontario, on April” 
a In connection with this meeting, | 
the tee hnical session of whic h will cover 
Photogray Industry, ther 


ontrol 
urea 
sition, 
be the 


is: his meeting is to take the form of a a ~ to feature an ad lress on Sources of Power — 
 President’s night with the presence of i by Professor W. K. Lewis. This sub- 
the Society’ s @ thief. executive, J. t is of mue h interest to almost every 


Morrow, Steel Company of Canada, technical man and is one of industry's 


his as * ‘td, oe E ‘xecutive Secret: ary C. L. . widest coneerns. Prof. Lewis is an ac- probably be some industrial plant visits. 
t and W arwick i is joining him. Both will be “complished speaker, and anauthorit: ative —‘ Final details are to be worked out and - 
Adner, called on at the meeting. This ‘subject and interesting discussion is in store. all members in that area will be posted, 
— ; of photography is of widespre id interest .. There will be a dinner preceding the There are a number of places which would 


eldner 


tomany. Several fields where it is used technical session, but arr: ingements be of special interest to our members, = 


are: -metallogr: iphy, spectroscopy, rec- have not been completed as yet. A including the Decew Falls Power St ition 
| neu 4 kee ing, 4 ‘he sound color film notice Is being mailed to : all our New and the Ont: irio P aper C omp inv plant. 

made 
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Fatigue | Questionnaire Was Gomes 


Committee on ‘oor ax, nos af 
survey the current status of research  orized by the Board of Direc tors, is ai 
work i in this country on fatigue of met- under way. Dr, James I. . Hoffman, 
als. his short but comprehensiv National Bureau of Standards, has been 
tionnaire asks, in addition to the title | appointed Temporary Chairman and : 
of project and name of investigator, — Bayard Johnson, Franklin Research Co., 


“12, on. "Soaps 
‘od Other Detergents, to be held 
— the Park Sheraton Hotel in New York 
City, March 21-2: 2, severa ‘al proposed 
new standards covering the testing and 


que uity of various materials in the 


cussion | mittee »’s scope will be considered and formation on the length of project, Philadelphia, the Temporary Secretary. co! ‘4 
be other activities will | be e reviewed. pose of the investigation, and methods Invitations are going forward to a 
The employed, as well as results of fatigue group of industrial companies, ins titu- 

| work an invitation to attend the studies published during the past year. tions, technical associations, and con-_ 
nalysis various and main tech- The questionnaire also requests a listing sulting firms in floor wax to 


of research topics or ' fatigue phenomena join in the work of this new committee. 


res 
a, on which information is needed. a: ithin the next few weeks an organiza-_ 


complete list of the meetings 
e Engi | be the S Sec reti es The primary objec tives of this survey tional meeting will be held, after which a 
‘prepare a list. of all fatigue » pro 


—6sta t ean e > 
an, Jr, | olas. Road Dayton 7 Ohio. Ww. dies that are now 1n progr ess and ) ns which have already been submittec 


igi to list fatigue problems of a basic nature _ These problems have be f 
demon Smither, Chemist (R tetired), National ese problems hav een fairly we ell 
is of Standards. Wa hings for which further information is desired. lished and discussed in conferences, 
a as Ss 
close These questionnaires have been mailed held under the auspices of the Floor 
to 


eration “nical | sessions. 
is | 


| 


Chairman of the Committee, 


> 9g Ss - W é ss 

e Phila Frederick Krassner Department: of the 190 government, univer ersity, and ax Divis sion of the National Assn. of 
nectings Navy, Brooklyn, i Ch: airman. lustrial laboratories. he co mittee Insecticide and Disinfectant M: 

ve beet requests that those receiving these ques- turers, who are vitally interested in the 

al, ani ver 30 standard specifications, tes ionnaires cooperate as s fully as : possible a 


o that the surv rey may be complete. _ be made with reapect to the character- io Bae 

Tf there are any members of Soe istics of floor wax, suc has 8 slip resistance 

doing work in fatigue who have not re and gloss, reliab le: standard methods of 

ceived the questionnaire, they may ob- testing and means of ev valuating these 

tain —_ by w riting to Headquarters properties must be developed.  Forthis 

OF to T. J. Dolan, Research Professor of "reason, it is expected that the new com- 

considers its and Applied Mechanics, tee will as its immediate 

annual meeting. Illinois, Urbana, III. ol 
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++ ig be and series of definitions have bee on de- 
veloped by the committee a id pul 
th-while lished by the Americ: 
the American Society for 
practice of “concentrating ite meetings 
in tl ng anc 
the spring : and 


on gives a broad 
il 1 —Sources 
— 
— | 
4 
} 
i 
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— 
q 
— 
int be | 
— 
— 
piety 


Meeting of A. S.LM. is required. the Administrative ( Committee Stand. 
= 4 Ww ith this use re has been ards. Any member of the Society who | N 
greater 1 for ste andard meth- is: interested in this ‘fie eld and who has tc 
Adhesives Scheduled ods of test and "specific ‘ations. It is received a letter of invitation is” 
‘in mind that the scope of invited to attend this conference. | 
THE spring meeting this Committee C-2 on Magnesium ( al 
action of the Board of Directors, to 
Race St., Philadelphia 2 3, Pa. include de both "magnesium hloride Pri hr 
ag A cordis al invitation is again € extended Oxy ysulfate coments, 
group of nonmembers i in attendance wh ho ike chnics al “progr: im the development 
cerning the testing methods and proce- Cor nference at a meeting of the Comunittee a 
dures that are under study by the various ‘Printing Inks (functioning under Com- 
Smooth Surface tee D-l on Paint Materials) 
subcommittees. It should be under-— mittee” “on | _ Materials) 
stood that the work of Committee D-14 Floor Coverings on 3, at Atl: antic C ‘ity. Re 
embraces the entire field of adhesiveap- ports were received from seven sub- 
plications and is not confined to a few For some time there have groups on Definitions, Fi of 
types or any one segment been inquiries received by the Society rind, Rubproofness, Rheology, Paper 


the industry. Come and bring your on the av: railability of standards in the Relations, Drying Time, and Meth- 


overings, suc ole anc e 0 0 eness 0 
departure from the usual rings, such as lin OB ness 0 Grin 


procedure will ‘be undertaken at the phalt, pk istic, and tile. made a survey various methods i in use 

spring Cc one urrent, sessions of ‘Suggestions hi ive be that asa basis for its future work. It has un- 
work be undertaken “this field. Id. dertaken a study evaluate types 
work on rubproofness includes 
new AS. TT. M. committee be. organized study of the Dryograph and also an ex- 
for this purpose, As a result of the amination of the scuff tester. This lat- 
comments Tee eiv sa a conierence will be se will include a study of the se uffing of 
to 1 review the work that such the printing. ink itself as well as the ef- 
d undertake, to crys- “fect of rubbing the film on paper, 


tallize the thinking” concerning The Group on Printing Ink Rheology 


& 
po 


March 28, the 


4 will be presented, followed by the entire 
group meeting. Following lunch 
eon, a paper will be presented by the 
guest speaker, Dr. Nicholas V. Poletika, 

Vaboratory Superintendent, The 


= 


establishment, and also to study its has prepared a ‘preliminary definition of 
ber Engineering Co., Washington, D. C. 
— to other agencies ‘on standards “tack” and has agreed on some general | B 


— 


Dr. Poletika will speak on Modern Ad- = 
hesives Testing in the Factory and in 
the Laboratory. The report of Subcom- 
VE on Research will be pre- 
sented to the D-14 C ommittee to termi- 


te the program. 
— Details concerning the meeting can be 
_ obtained from the Secretary of the 
Committee, Koehn, Research 


Cork Co., 


field. If it is apparent | from the a requirements for a practica al instrument a | 
ions that an A.S.T.M. committee for evaluating tack. On this s subject Ck 
should be organized, it is exvected th: at _ there are two w vorking divisions, a mid- 2 
the questions of scope, specific activities, western section and an eastern section. | ; 
cand avail: ability of suits ible personnel The Definitions Subgroup i is cooperat- 
will come up for consideration at the closely with other org anizations 
conference ations for- in the arts in arriving 


Directors. in the prir inl 

The will. held at AS- group | to prepare 
T.M. Headquarters Mare 20 tions cov ering varnishes which are 

Pp starting at 10 a.m. ‘This will be under — needed i in view of the w vide range in vis - 


eral Electric Co., a membcr- of 


= 


ommtitee 


7 Dr 

“ment has beer n in commercial use almost | ke 

long as magnesium exychloride but 

Quantities marketed have been 

relat rely small. More recently, mag-_ 


nesium oxy xysulfate cement compositions 
been recommended as base coats 


2 


under oxychloride ship-deck 
coverings. Similar compositions 
coming into use as underlayments 
walls i institutions such nad mental Officers of Committee E-4 on Metallography: L. on ki Wyman, Chairman; 


where especially Penrod, Vice-Chairman; Mary Norton 
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Ne Members - 


iw mail: 1466 Ocean Parkway, 
Kyecat, H., Mechanical Plant Engineer, 
Mechanical E ngineering Dept., Consoli-— 
i dated Edison Company of New York, Ine., 
Irving Pl, New Y ‘ork 3,N. Y. 
Lane, Carn J., Chemist, Oakite 
—Ine., 22 Thames St., New York, N.Y. For 
mail: 204144 W. T hirteenth St., New York 


to February 1950 


following | members “were 


“elected from . January 4, 1950, to Febri 
o) ary 2 2, 1950, making | the total membe 


Linpstrom, Epwin Quality Control 


Ms Johns-Manville Products Corp., 
are arranged al: E. Fortieth St., New York 16, N.Y. 


members first, then ndividuals, = ER, Martin, Chief Designer and Super-_ 
N. J. For 


visor of Construction, 
930 Burlington Ave., Union, N.. : 


A.I.A., Architect, Irvi ington, 
& Charles C., Chemical Engineer, Charles 
di 1remica 1ee zie 
Thomas, Director of Research, ) Pfizer and Co. Bartlett St., 
_Y. For mail: 141-45 250th 


Austin, Morton Grove, Ill. 
HMIDT LABORATORIES, INc., Edward 


= 


ment 


IREAT Lakes CARBON Corp. 


Revedale 


Roger Willi: _ Ave., Highland Park, Ill. 

Dara, Georce E., Chief Draftsman, W. H. 

Inc., 209 S. LaSalle, ¢ ‘hicago, 
Keuty, G. ARNOLD hief Chemist, Mar- 


4 Manufac ufacturing Co. 


James Metallureist, 
Buchanan Plant, 


- Revere Corporation of Americ a, W alling- 
J Smart, Maxwett D., Plant Manager, M. w. 
: Parsons, Inc., 34 T hirty- fourth St., Brook- 
VINCENT Technical Representa-_ 
agi 


lark Equipment Cc 0., 


tive, Stein, Hall andC o., Ine., 285 Madison _ 


Ave., New York 17; N.Y. 


Buchanan, Mich. 


My Les, 8. A., Plant Motiv re Sr 

Manufacturers, Inc., 5253 W. 
Roosevelt Rd., Cicero 50, Il. For mail: 
1838S. Kolin Ave., Chicago, Il, 

RicHarD L., Work Group Engi- 
Soil Conservation Service, Council 
Iowa. 
tM, C.. Assistant Manager, Research = 


Products Division, Standard Motor Prod- y- 
ucts Co., 35-35 Thirty -fifth St. ,Long Island 
City1,N.Y. rh 
WEsTBROOK Jack H. Research Associate, 
_ General Electric Co., Room 125, Knolls © 
Lab., Se henectady, 
= 


and Develc ipment Dept., Graver Tank and 
Manufacturing Co., Inc. 4809 9 Tod Ave., 
Wise, RICHARD, Fuels Evalu-_ 
ation Div. ‘Northern Regional Research 
U.S. Department of Agricul- 
‘ ture, 825 N. University, Peoria, Ill, 


Paciric Pant ann VARNISH 
Grieve, Technical Director, 1608 F ourth 
Berkeley 10, Calif. 
RoBINSON, PARKER M., District Manager, 
- Pittsburgh Testing Laboratory, 651 How 

1 St... | 
ard St.,San Francisco 5, Calif. 


Zeurr, Harry A., Plant Manager, Lehigh 
SANTA Ciara, UNIVERSITY OF, COLLEGE OF 


Portland C ement Co., Oglesby, Ill. 


"ENGINEERING, George L. Sullivan, Dean, 
Limestone ND CEMENT Co., 
Tre, Ralph E. Roscoe, Vice-President, 
1100 Wick Bldg., Youngstown 3, Ohio. 
ibject Cov wenn, Ma aRvIN Rubber ‘Tech- 
Gunerintendent.. —nologist, American. Zine Sales Co., Box 327, 


Brick, Inc. 


| 


ction. — Bl ig., C 2, Kornic, Ropney J., Engineer in Training, 
State Highway Testing and Research Lab. 

perat- Rous, Lynn E. Developme nt < hemist, 155 W. Woodruff, Columbus, Ohio. For 

tions Rittman, mail: 160 Hanford St., ¢ ‘olumbus 6, Ohio. 


Stu EVE, BARBARA. Textile Technic ian, 
Fashion Frocks, Inc., , 3301 Colerain Ave., 

Cincinnati 25, Ohio. 

WIEDERHOLD, E DWARD W. R. 1, Milford, 

“4 


riv ‘ing q 


Philadelphia District 


Havec Corp., 
ihe Newark, Del 


P. L. MeWhorter, M: anager, 
Linear, Inc., J. Johnson, Chief Chemist, 
State Rd. L evick St., Philadelphia 35, 
BARNESS, HersBert, Partner, Joseph Barness’ 


Detroit District La) 
Burs, STEPHEN D., Engineer, O. W. Burke 
Co., 1032 Fisher Bldg., Detroit 2, Mich. 
LaPornte, ALEXANDER Manager, 
facturing Engineering, Process Engineering 
Lincoln-Mercury Division of Ford 
Motor Co., 6200 W. Warren Ave., Detroit 
| 
a Brunt, J. Brick Manufacturer, 
1456 Puller Grand Rapids 7, 
New England District 
Derny Co Inc. , Tue, Edward M. - and Sox, Warrington, Pa. 
Sr, Chemist, 49 Blanchard St., Box 899, Br YDEN, Ww. Dona.p, President and Treas-_ 
2, Mass. _urer, Philadelphia Bronze and Brass Corp., 
Haiais, Russet J., Chief Metallurgist and 2 N. Twenty-second St., Philadelphia 
Kewnepy, Rosert M., »nnsylv ania Bldg., Wilmington 50, Del. 
Tentile Inst., Lowell, ‘Mass. W. R. Director and Owner 
Norton, Mary, Metallurgist, U. Depart- Wayne Laboratories, E. Main St... 
Ment of the Army, , Dert., Waynesboro, Pa. 
Watertown Arsenal, W atertown 72, New JERSEY TURNPIKE AUTHORITY, Harvey 
Vincent, Engineer of Specifications, 65 
New York District Prospect St., Trenton8,N.J. 
tie. Greensran Go., Frits ~ ROSENBERGER, RAYMOND Specification 
“statter, Manager Laboratory, 469 Writer, Gannett, 
Carpenter, Inc., 600 N. Second St., Harris- 
seventh . Ave., New York 18, N. b > 
urg, Pa. sie mail: Fairview Farm, Camp — 
Consolids ated Edison Company of New 
York, Inc., Electrical Engineering Dept., 
HARANTHA, STEPHEN FRANK, 30-57 Pittsburgh District 
St., Long Island City 3,N.Y. [J] Davis, E. Taytor, Assistant to Vice-Presi- 
AATZ, Marvin H., Plastics Chemist, LaSalle dent, W ‘heeling Steel Corp., Wheeling, W. | 


Pl., New York 3, N.Y. 
Broadway, New Y ork, 


yy Box 2305, Kansas City 13, “Mo. 
Dante, Artuur J., 


D. A. Hopper, Jr. 


4 


 Lesure T., Metallurgist, Connor, J 


4 


Niagara ‘alls, N.Y. 


4 


4 


F leming, Corddry & 


nical Mills, Ine., 1000 
- Baltimore, Kansas City, Mo. For mail: 
President, Battenfeld 
Grease and Oil Corp., Thirty-second and 
Roanoke Rd., Kansas City 8, Mo. | 

Houtpen, Joun, Chief Engineer, Pr essed 
Steel Car Co., Inc., Mt. Vernon Car Manu- 
facturing Div., Mt. Vernon, Ill. 


\ rminep C Inc., Robert F. 
Martin, Executive Secret: ary, 312 Shore- 
ham Bldg., Washington 5, 
Borne FELD, CHARLES F., Chief Construction _ 
Engineer, Saxe, Williar & Robertson, 
gineers-Consultants, 130 W. Hamilton St., 
E. Chemical Engineer, Office of 
Quartermaster G reneral, Bldg. A, Room 
2140, Washington 25,D.C. , 
Frazier, Ricnarp J., Research Engineer, — 
Washington Brick Co., Sixth Emerson 
Sts., N.E., Washington, D. C. For mail: 
35: onnectie ut Ave., N.W., W 


HALSTEAD, Wooprow Chemist, Physic 


‘Washington (D. C.) Distric 


EINBERG, Chief E ngineer, Hygrade Research Branch, Bureau of Publie Roads, 


General Service Administration —Bidg., 

Wee 
KENNETH Kenprick, Metallurgist, 
The Baltimore & Ohio Railroad Co., Mt. 

a Clare Shops, Baltimore 23, Md. 
Scurerer, Herpert F., Physicist (Textiles) 
Bureau of Standards, Ws ashington 


HEL Joun B., Assistant Works 
Manager r,. Morrow Screw and Nut 
Ltd., Ingersoll, Ont., Canada. 
Towenp, Harowp L., Cc hief Engineer, Old- 
bory Electr:-Chemical Co., Box 346, 


Ss. and Possessions 


ONG, ARTHUR G., Ne 
4 Santa Fe, 


Mexico State Highway Dept., 
Second 


N. Mex. For Mail: 303 8. 
Duque, Exripio P., Major, Armed Forces of 


ment Div.. HNDF, Camp Murphy, Quezon 
City, Philippines. For mail: Philippine 
Embassy, Washington, 
Tay, W.G., Superintendent, Anaconda Wire 
and Cable Co., Great Falls, Mont. SS 
KEMPER, rt M. ., Jr., Inspector, Giffels ¥ 
& Vallet, Inc., Box 516, Oak Ridge, Tenn. 
For mail: E. Hunter Circle, Apt. L, 
Ridge, Tenn. [J] 
Ray, Joun C., International Branch, = 
Box 787, Miami 48, F 
Other than U. s. Possess 


Frep E., Chief Pe E ingineer, 
Arabie an American Oi! Co., Dhahran, Saudi 

BALL, Spencer, Professor of Civil Engineer- 
ing, Nova Seotia Technical College, Li- 
brary, Halifax, N.S.,Canmada. 

Jean Pierre, Professor, Poly- 

a technic School, University of Lausanne; 

and Assistant Director, Laboratory 

Testing Materials, Lausanne, Switzerland. 
For mail: Place de la Poste 187, Aubonne, 
Vaud, Switzerland, 


K 


= 


“man, AN, ARC ‘HIBALD Macon M, Drenthe 


Dominie on nm Bridge C o., Lachine, P. Q., 
- West P unjab Government, Public Works 
De Irrigation Branch, India. For mail: 
407A, arris Rd., Lahore, Pakistan. 
See , Manager, Technological Dept., 
ion W.B. Die +k and Co., Ltd., Lavender W harf, 
Rotherhithe, L ondon, S.E. 16, England. | 
Sw EDISH State Roap Researcu Insr., Nils 
-von Matern, Chief Engineer, 


H. G C hemist 
Luscar Coal's Corp., Lusear, Alta., Canad 
der notes Junior Member. 
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P 
aSSOCIE ated with the Quality Control 
Production Div., , Kanmak Textiles, 


News items concernin 


tem gt the activities of: our «members 
will. be welcomed for inclusion in this column. 


Walter _ Scott, Diree tor, 


Southe Regional Research Lab., U, 
Bureau of Agricultural Chemistry & E 


ant Chief 0 of the Bure au at th e De part- 
=, , ment of Agric ulture headqt uarters, Wash. 
Note—These ‘Personals” are arranged in order of alphabetical the names. ington, D.C. 


c, "requently two or more members may be referred to in the same “note, in which case the first a 
one named is used as a key letter. — Itis believed that this arrangement will = refer- 


ence to the news about members. ot a urtment of Theoretical and Applied pr 

A Mechanical Engineers with the Worcester 

Peter T. -Baechinger, formerly associ- Company of ‘Ame rica, ha as been made Reed Warner Medal » give n annually for 
ated with Stoffel & Co., Mels, St. Galle ‘Secretary, Aluminum Research Labora- OtStanding contributions | ion le 
if 4 Switzerland, is now with St. Galler Fein- —_ tories, New Kensington, Pa. Inthisnewly engine ering literature. His lon noted ¥ h 
-webereien A.-G., Switzer- ereated position he will assume some of the “that his textbooks‘ ‘have | had a profound | 
administrative | functions of the Director’s influence on the « lev elopment of young 
Cecil E. Bales, formerly Vice-Preside nt, office, engineers for a quarter century. ad 
President of The Gustavus J. Esselen has been elected Seely joined the University of Titinoie in | als 

ire Brick Co., Ironton, Ohio. A Past- President of the United States Test- and became departme nt head 
President of the American Ceramic Soci- ing Co., Inc., Boston, Mass. He will 198 A member of A.S.T.M. since 1915, 
ety, and a member of A.S.T.M. since 1926, continue in active direction of the Esselen has been m the work © 

_ Mr. Bales has been active in the work of | Research Division, recently created by ~~ 7 pntiegll E-1 on ae = esting for an 
Committee -8 for over tw enty ye ars, merger of Esselen Research © “orp. with the = .. 
serving as ite Secretary 1932- 1936. He 8 Testing C C. Southard, Dire ‘ctor of Research, 
vas also a member for many years of S. S. Gill, fo formerly & Scr Aircraft C o., San Die ogo, C alif., 
ittee D-3 on Gaseous Fue ‘Is Produc ts, has been appointed Chie been appointed a member of the § Subcom | 

An outstanding honor was paid T. AL Metallurgist, Hindusthan Motors, I td. mittee on Aircraft Structural Materials, a 

Boyd, Research | Consultant, Research: ttar P ari a, India. technical subcommittee of the } National 
Laboratories Div., General Motors Corp., Ma Committee for Aeronautics. Be- | Ye 
Detroit, Mich., and an A.S.T.M. Past-— J. agee, formerly Vice-President, is joining Solar in 1946, Mr. Southard fro 


now resident of Alpha Portland Cement 


President, when he received the Horning served with the U. S. De tment of Agri 
ht served with the epartment of Agri- 
Memorial Medal at the 1950 Annual Meet- Co., jaston, Pa. o A “4 culture, with the U. S. Bureau of Mines, 


ing of the Society of Automotive Enginee rs ‘Francis L. Mark, prev ously assoc associated as Chie f ‘of Process Metall llurgy Re- 
‘in Detroit. T his Award was in recognition with Lancaster Processes, Ine., New Y ork search, Titanium Alloy Tanufac turing 
Mr. Boy outstanding contributions: City, is now Sales Deve lopme nt Engineer, Co. South: ard is a member of the 


during his 30-year study of fuels and Dewey & Almy C Aviation Panel, A.S.T.M.-A.S.M.E. Joint 


4 gines. C. L. MeCuen, General “vol Committee on fect of Temperat ure on 
of the GM’s Research Division, said that Robert W. ‘Matlack, immedi: ate P the P roperties of Metals. 
“the study has benefited not only the President of the Federation of Paint and 
od not only th Hewitt Wilson, technologist and ads 


motorist, by providing him with improved — Vv arnish Production Clubs, has been visit- 1 § 

automotive engines, but also it hasmadea _ing in France, Switzerland, and Engl: und Bureau of Mince ince 1920, 
) s s Ss 
progressive impact the economy where he will inspect a number of indus-_ Director of the Bure R he 
re bj t th » way t 1 t pl ts nd iw ill ap pointed rector ol the ureau’s outh- 

Vv point ing 1e ay toward more ria pi an Ss anc A DOFa ories, anc wi 

; east Region, with he: eadquarters rs in Norris, 

efficient utilization of hydrocz arbon fuels. epres at a meeting Tenn, 

When he received the Award Mr. Boyd Geneva of the: new y Federation of g 
3 offices in the States of Tennessee, 

presented very significant lecture Technical Associations of the Paint Indus- | “Al 
entitled athfinding in Fuels an trieso Contine nta urope. i Florida. M Wil 
gines”’ which gave a very complete back- George Ss. ‘Mikhalapov, former 1 
ound of fuel and en =e develo pment. ministrative whe 
‘ground of \ I ager, Air Reduction Sales Co. , Murray | Norris station since its establishment in 
His _many friends and associates in Hill, N. J., is now Technical Director, with a laboratory turned over to 


A.S.T.M. w ill j join in extendi ng hearty 4 Metallurgical Research | Development Bur au by the Tennessee V Valley Authority of 


~ 


oe 


congr: atulations to him on this new honor. 7 W ashington, as its nucleus. Prior to his 

Dir, Nagel, dr. for ‘many years Secre- Sppointment, 1068, Mr. Wilbon fr 

OTAalt es Oo 

Al New tary and Tre: usurer, C Saul Steel years had been on the faculty of the han 
2 u pany fi, Philadelphia, P a., has been named versity of Washington as head of the 
id. Vice-President of his company. Mr. Nagel eramics De partment. He is the ‘author pur 
otary has been representative of Cann & Saul of a textbook ‘used by. many ce ramics | 
organiza ion, for * membership in A.S.T. since 1937. schools in the United States. A ‘member 

Harry Collyer, formerly il chi arge of the si nee 1933; M “Wilson is 
rubber and plasties tes sting and ‘tec hnical E. P. Newhard has been, elected Vice- of AS C stru 
' "service at the Boston Research and De- President, Pennsylvania-Dixie Cement sttive in Committees C-8 on Ri efractoris use: 
lopment De partment of Godirey L.  Corp., Ns azareth, Pa., at the same time and on Ceramic White 


James C. ‘Zeder, Chairman of the 
veering Board at Chrysler Corp., Detroit, 
Mich., recently took office as the 1950 


President of the Soc of Automotive 


Cabot, Inc., has been appointed Labora- his us Cuties as Oper M: 
tory. Director of Cabot Carbon, Ltd., ager. 
‘Mesmere Port, Engl: and, effective April _ Alden Frederick Presler has cone 
Harold N. Cooledge, Jr., formerly Minnesota, Minneavolis, and is now a ingineers. Mr. Zeder became a member 
President, F. J. Cooledge & Sons, Atlanta, Research — F ellow, Towa _ State C vollege, ofS S.A. B. in 1923 and served during W orld 
is now President, Allied Paint Mirs., mgineering Experime Station, , Ames, II as Chairman of the S. ALE. War 
Max Schuster, for merly Director, Qu: Engineering Board which headed extensive 
1 ne W. Daugherty, formerly C y Chief, ity Control and Development, Cs antor- a technical advisory projects to the va 
Greenspan Co., Inc., New York City is. States and Allied armed services. 
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ontrol 
Xtiles, 


e ector, 


pplied “present-day” ai ceived to idly in ‘some quarters. Because of are neede d for 

rbana, satisfy sev eral compromising des ;, standard test proces dures for sand- require d by increasing ands 

iety of requirements which invariably lead to. wich materials in general and for better performance. The present need 

the use of ‘high-strength plas stic sw nd radome materials partic ular ar for more comple te design information: 
desired by the airer: aft t industry. can be satisfied by d: ate a obtained from 
noted it becomes apparent verti To be o of practical use for - comparison 4 tests w hic h practically isolate individu: al 
found physical property alues are needed for nee be- physical characteristics and, therefore, 

young producing a satisiactory radome having tween separate agencies concerned liming ate tion ts. 


2101S In 
sad 
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ng for 
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yeome | 
rials, 


s. Be- 
uthard | 
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| adequate elettronic characteristics and = 
also sufficient strength. is es 
- cially true of large radomes where struc- 
+ tural considerations force a compromise 


- of electronic considerations by dictating the class of material being tested. This _ The several core materials being use wed 
an increase in face thickness or oy er-all is especially true of flexure tests whe - 


yergent and conflicting results espec ially 


ig 
item for computing stresses), and flex- 


ranged 2 
apparently ranged from 12 00 to 


radome materials, Also, AS.T.M. 


-Prelin for Testing 


Rado: ome aterials 


1 


Consider lerations iwich 


must ardized tical stre ngth test » le ads to the w ‘ 
concepts to cont: ain specific values whic - of relatively large span- -depth ratios in- 


dependent upon and consistent with the range > of 60 10:1. 


for radomes vary in shear strength ps 


thickness. the testing procedure is influenced by low as_ 100, psi. to 800 or 400 psi, 
Some time ago, radome designers | so many variables from the modulus ‘This strength range dictates the 


several aircraft companies on the West ; of elasticity of the faces to the cell size use 0 of a large e span-depth ratio. When- Po) — 
ever |: arge spi an-depth ratios are ‘ac 


Coast began to compare mechanical 
ployed, the deflections | 


Gener rally, X- band 1 radomes consist 
of a sandwi h structure with 
te bas e plas stie faces vary ier in ured at over 5 in. with a span of 30 in. 
thickness from): 030 to 0.010 in. anda It should be noted that the modulus of | 
lightweight core correspondingly rary- elasticity for the faces of sandwich 


‘ing from: (). 300 to 0. 0.450 in. with the radome mate rials j 1s about: 2.5 to 3. 0 x 


‘over-all dimension varying therefore psi., or approximately one- e-fourth 
of aluminum alloys. in these 


from 0.360 470 ‘in. These con-— 
“figurations are no al sandwich struc: large deflections that we find the g great- 


est significant « difference between testing 


tures , and it at first sight th: at it 
eli assica testing procedures are San wicl 1 radorme mater rials anc esting 


_ordinar monolithic materials. In ‘the 
plicable, but upprec iable errors 
case of simply supported beams, large 


acerue if the usual assumptions for 
flexure testing are made in interpreting deflections with corresponding a angular | 
deflections at the ‘points of support 


_ introduce horizontal end forces which — 


results. Although other tests 
important, this paper will be limited 
have a significant effect the stresses 


discussion the of X- 
that exist in the. ‘specimen at failure.’ 


test data and found some rather di- 
great andi in some cases have been meas- 


from flexural tests. Several different 

ize specimens were being used, each 
aboratory employed its own method | 
or measuring face t thicknes s (a basic 


wal strengths of very similar materials 


50,000 psi. it was obvious that much 
- could be gained by a sti andardization of 
procedures for ev raluating X-band 


Committee C 9 was established « on 


many el is, hold forth s a 1 good potential 
for future yresen 

for fut ure’ gr rowth and, as suc ch, present 
a group of essentially new materials’ 
wherein standardized testing proc edures 


rate 
can be useful. The w idespre rad adoption 
of sandwich structures, Which on the 


terials should be conceived so that the ; 
effec ts of interaction are held to a prac- = -— = 
tical minimum. For example, a high 
Ss Ss 1t al 
hand to be the most serious hear sec h high normal 
stresses in the core cai precipitate: 


to be overcome in accomplishing 
failure in a flexure specimen atanap- 1. Relation Between Vertical and 


‘itrpose ofthiscommittee, H 
— orizontal Reactions. 
ss th: s 


aud recurrent | application of sandwich. the > shear stress” This prec ignoring these horizontal 
rec ce > 
| structures in aircraft, although other army ikewise, a core materia 


uses Varying from tables and d partitions: will fail at 4 lower calculated hear 


— stress if the faces of the sandw ich w were account. Fi igure 1 illus strates the ‘Te 
tion ib 


| standardiz: ation, “pos “on n the “other 


aq 


reac ctions | or. cale ating stresses at fail- 
1 


ire with pot vertical loads taken into 


USSION OF THIS PAPER st it. vetween vertical and horizontal re- 
), either for publication or for the oses, there ore, 
to A.S.T.M. Headquarters, 1916 ‘inte “aC tion effects should be reduc nter is seen to 

This paper was presented at a meeting ot interac tion effects must be understood + tan 


tiructions held in San Francisco, Calif., October ok for a careful analysis of radome designs. 
1949, during the First Pacific Area National 

Meeting of the Society. but the  approa ich now being used is 

design conservatively and. subsequently 
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i thet use of such radii wouk ld especially true it. is desired to 
probab ly allow local erushing. Such compare results of two separate tests, | 
rushing | can be eliminated entirely by ‘comparison of laminate thickness 
* use of suitable bearing plates be- prepared by several aircraft companig 
tween the small radius end eine and was made v with nominal v alues published 


e sandwich specimens. Owens-Corning Fiberglas C orp. It 


= be nding 
= load, at failure, . 


length, 
maximum m deflection, 


= depth of beam, _ Stiffness factors can obiinined by was seen that very little difference in 
= max. stress, at failure, testing beams of two different len lengths thie kness per ply existed. this 
the shorter beam is the mid- basis, the nominal values published by 
section of the longer. In this way _Owens-Corning are suggested for stand. 

Variations of the material are not intro- —ard use. _ 4 


duced into ) single sets of ealculations. ith ar any. as inherently 
Deflection data should be limited, for’ variable as a radome sandwich cOn- 
obvious reasons, values below the struction, a statistical approach in data 
is uniform. These assumptions, while proportional limit, and for the longer analy sis is desirahle. The determination 
not strictly correct, are consistent with 7 -30-in. beam the data should be limited _ of the standard dev iation and limits of 
usual ‘stress saya is are considered a maximum averages in accordance with A.S.T.M 
deflection so that the horizontal re- |§ Manual on the Presentation | of Data is 
is e when the same tions have little or no effect. One of extremely useful — 
assumptions are made for applying test the: problems associated Ww ith deter-— There are other factors whitl apply 
data to design problems. ss ining stiffness factors to a reasonable — generally to the testing of sandwich 
flexural of accuracy is that standard materials and whic *h will only 
machines are usually not ace be mentioned here. Among these is 
curate in the range of load from 0 to _— conditioning of specimens which js 
200 Ib. A type “C” Tate-Emery : air particularly important in the case of 
equipped with portable, self- ty} pe core materials. Standard 
contained 1, two-dial Bourdon tube in- conditioning for 48 hr. at 


dicator for ranges of 40 and 200 lb,has (77+2F F.) and 5 50 + 2 per cent relative 


T his for mula is based on the assump-_ 7% 
tions that the faces carry all axial 
. bending loads and the stress in the face — 


‘maximum moment: 
M = P L 


Making the same assumptions as noted — 


above, as well as ignoring horizontal been used with good results. Equip- humidity i is considered satisfactory, 
_Feactions, the maximum stress at failure is available com-— This is shown in A.S.T.M. Tentative 

mercially, Methods of Conditioning Plastics and 


The width of specimen is a fune dun Electrical Insulating Materials for Te:'- 
of the type core material which is used. ing (D 618 — 49 T).® The orientation 


4 Large cell size materials such as honey- Be! fibers in the faces and the orientation 


uced by the comb _ require — a wide specimen to of directional type core materials with 

latter, a supported, 3- mninimize edge effec ts. Erratic results respect t to the test Specimen depend on 
: in. wide beam with 0.042-in. faces and _— obtained when too narrow a specimer _ the pt purpose of the particular tests under 
0.400-in. over-all thickness tested on a _ of honey comb core sandwich material consideration. _ Experience has shown 
= he load at failure was is tested can be eliminated by using a that the mout reproducible results are 


. and the deflection, a at the Bi -in. n. wide s ‘specimen, n, inasmuch ¢ as a _ obtained with the face fibers ‘running 
= was 3.0in. The angular rotation — pin. cell size is the largest generally i: and norm: il to the length o 
of the beam at the supports was 19deg. —_ used in X-band sandwic ich radomes. —_—itthe specimen. With respect to this, it 
According: to the former method, the X-band radomes are most frequently ig questionable that tests “conducted 
stress at failure was 22,600 psi. "and ‘molded pressure applied with fibers at an angle, say 15 dek., have 
accor ording t to the | latter method 21,100 means of a flexible membrane much application. he orientation of of 
"psi. _or an error of 6.2 p per cent. This 


“hag” placed ov er ia assembly, sealed directional type core materials in the 
umple incider:': idly is not extrem aa around its edges, and evacuated. W hen specimen is quite important, 


‘Whenever are ex- terial is employed, this molding tech- 


perienced in flex: ive tests, a significant nique causes dimpling of the ‘ “bag’ Acknowledgment: 

change in span len eth “ean occur if the olded face. ‘Such dimpling. and other is 
a radii of the end supports are a reason- irregularities make measurement of the | 
able percentage « of the original s span tinished face thicknes ss difficult at best. search and Testing Committee of the 
-leng rth. some materials, this ‘effect ‘Computation of stress values ‘on the Aircraft Industries. W-25 Radome 
may be eliminated simply by” reducing —_hasis of unreliable face thickness meas- Mechanical Tests S Subcommittee. 
the of In the case urements can lead to serious errors. 


Westwater, ' ‘Flexure Testing of Plastic alues more useful results than 


Vol. 4 2 "most measured thicknesses. is 


5 A.S.T.M. Manual on Presentation of Dats 

Am, at Testing Mats. (1940). (Issued # 
separate publication, STP No. 15-B.) 
1949 Book of A.S.T.M. Standards, Part 6 
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honeycomb or other large a-cell core ma- when stiffness factors are 


given to members of the Aireraft Re | 
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-struccions and _compor nent materials 
been carried on at the Forest 
or Labor: atory for nearly a dec- 
ade Much: of this w ork has been 
in cooperation with the ANC (Army- 
Navy -Civil) Technical Subcommittee on 
Wood Aircraft Structures and been. 


in ¢ ‘ooperation ith this 


group, now the ANC-23 Panel on Sand-- 
wich Construction of the Subcommittee 
on Air Force- Navy-Civil Aircraft 
sign Criteria, Aire raft ¢ ‘ommittee, Na- 
tional Military tablishme nt, — 
During the _ years of the recent: 
orld War, the Forest P roduc ts 


criteria the use of wood 


plywood in aircraft. This work has been 
published as ANC Bulle letin 18, ‘Design 
of Wood Aircraft Structures.” There- 
fore, since sandwich constructions are 


likely to be orthotropic in nature, as are— 


wood and plywood, it seemed logical to 


attempt to expand these design criteria _ transverse loads. Most san 
to include sandwich constructions. Some 


of the testing procedures described in 


running _ this paper are the results of studies made 


ngth ot 
- this, it 
¢., have 
ation of 

in the 
specially 


to check the conformance of sandwic h 


constructions to these design criteria and 
are intended to simula ate in so far as 
possible theoretical loading conditions 
or loading conditions that might pre- 
vail i in service. Bi ased on the results of 
these tests and their correlation w with | 


tions is is now in 


Additional studies evaluate the facing material 


acetate, cellular hard rubber, corkboard, 
cellular honeycomb cores of paper, were measured over a I-in. gage length 


Constructions at 


‘British Mosquito bomber. F ollowi ing duce failure i in the b of the specimen n. 

_ these were sandwich construc tions hav- The central 2 in. of specimen length 

ing papreg, aluminum, glass cloth, and — were J in. wide and the ends were 2 in. 

“steel facings combine d with cores of a wide, faired out by a radius so that the 
balsa wood, pulpboard, cellular cellulose total length of the specimen was just 


in. plus four times its thic ‘kness. Strains A 


cotton cloth, glass cloth, aluminum: at the centrai section by means of a 
foil. he purpose of testing such a w ide mirror: mee uratus mounted on 
range of materials was to be sure that 

the design criteria evolv would 
correct for materials’ of extremely 

ferent mechanical properties. _Mathe- 

matical analyses were derived f for varie 
ous structural | elements, 
columns, ‘beams, or panels, 
were mi: ade to subst: antiate the theo- | 

retical calculations. The ‘compari ison of 
experimental results with the theore tical 
calculations led to design criteria. — ie 
A prime consideration was the be 
havior of flat or curved panels loaded in — 
various ways. This, in turn, involved 
investigation of the stiffness of 
sandwich in order to be able to deter-_ 1; 
mine panels stability under edgewise— 
loads or the deflection of panels under 
‘structions have relatively ak cores” 
allow appreciable deflection of the 

sandwich due to shearing deformations 

in the core. In order to calculate theo- 
retically the loads or deflec- 
tions, it was “necessary know the 
properties of the component parts of the 


sandwich, 
al 


or- FAcING A 


curves of the facing ma- 
‘tert ils were obtained by testing ie ad 


~The modules of elasticity -eould 
suitability. of sandwich construc tions for 


“other structures, such as housing, were 


also made at the Laboratory, and these 
thes 


test procedures will be outlined. el 

Some of the first sandwich construc- 
tions tested were composed of plywood 
acings bonded to balsa wood cores, the 


type of construc tion that was used i in the 


NOTE.—DISCUSSION OF THIS PAPER ae allure, 


INVITED, either for publication or for the atten- 
Hon of the author. Address all communications 
A.S.T.M. Headquarters, Race § St. 
Filedelphie 3, Pa. 

was at a meeting 
Canam 19 on Structural Sandwich Construc- _ 
tions, held in San Francisco, Calif., October 13, 
1949, during the First Pacific Area National Meet- 


ing of the Society. 
* Engineer, Forest Products. Laboratory, Forest steel 7 in. 


on U. 8. of Madi- 
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been determined by a tension test, but 
_ know ledge of the behavior at compr 


<7 
sive stresses greater than the propor- 


tional limit, _was needed to predict in- 


There- 


“sts ability failures in compression. 


‘Fig. ‘1.--Shear Test of Core Material to 


fore, the compression test ws as made, — _ Determine the Shear Modulus in Planes _ 
Perpendicular to Facings and Pa allel to 


because behavior in compression 

qu ite different than that in tension a 

Wi as alws iys the controlling mode of 
Since: the facings were th thin, 
was that they be supported Other: of the facings, such 
laterally during test to prevent buckling. modulus of rigidity or Poisson 
This was done by lightly clamping the _ were known if the material w as 


This test was also used | to determine the shear 


entire specimen, except for the very isotropic ; if it was not isotropic, these 
properties were determined on thicker 


ends, betw een two I- shaped bars of 


thick. In addition, by methods similar “to those 


cimen “was dumbbell shaped to in- 
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plate with respect to the other. . Al- 
ternately, deformations were measured 
means of mirrors. One mirror 
“attached ‘solidly to one of the loading 


plates, the other was mounted on two- 


rial were the shear the 
of elasticity, and the Poisson's ratios. 
core_ma ite ri als: are not 


- 


asses 


This mo ws as: leterming 
by flexure tests of specimens of sand. 


construction. Identical « or closely 


-matched specimens were tested over tivo 


3 “different spans. Phe shear modulus was 
; determined by simultaneous solution gf 


deflection formulas, whi 


included 


: ar deform: ation terms 


Shear moduli associated with 


str: Lins in the plane of a plate of core mg. 


terial, or planes 


rined by los iding a squi ire plate of 
core mi terial on opposite ends of one 


od diagonal while supporting it at the other 
_ two corners, as shown in Fig. 2, 


Test of Core Material Showing 1 ‘Warten? s ; Mirror Apparatus Being 
to Measure Strains. 

a: he shear moduli were determined by pins placed in the core in a plane normal 
F several methods. The modulus — in to that of the facings. The relative 
planes: perpendicular that of the rotation: of this: mirror with respect to 
a facings and parallel to the direction of the mirror mounted | ‘on the loading 
the applied force was obtained, together — BF ite, as measured by means of a light 


shear strength, by | bonding the and scale, gave the sheari 


— 
core material between two steel plates, | formations. The use of the mirrors 
which were then loaded to induce shear elimin: ited the of including 
e n the core (Fig. 1 ).” Deformations ' slipping in the adhesive as part of ae 


were measured by means of a dial gage — shearing de ‘formation. mn? 


& —Compression Test a Me- 

ial Showing Use of Tuckerman Gages 

rthotropic materi: ils, 2 any y shear mode 
lus can be deter mined by suitable 


size of sp specimen was such that the ratio 


of length of side to thickness was not | 


than 20 nor greater than 40. 
deflections of the res sults int saddle 
aped surface at any load, conveniently 


parallel the reto, were 


ca 


mes asured by the apparatus shown in} in 


Fi ig. 2, were all that was needed to cl 
‘culate the shear modulus. 
A less accurate 
hearing 


inv estigs ations, is that i in which 


method of measuring h 
moduli, but one useful for pre} | 


the core material is used as a torsion ; 


pendulum. | ~The modulus obtained & 
that associated with s 
— idth- plan ine the 
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aced to measure strains sat right angles 
closely} to the direction of loading. The lateral 
Yy strains were measured at the same loads 
sed to measure the parallel strains, 
Ld Olsson ’s ratios were as the 
Assembly 7 


Amenan RAFT Co: ON- 


Since airer: aft s struc tures are 
rious is types ¢ of panel ‘Is, 
eurved these panels a are usu: ally 
thin, i it is essential to be able to predict 
for the loads at whie h ins stability will occur 
or the deflections that certain transverse. 
loads will produce in these panels. 
or Popres. Shim A I me | Be 
Ace ordingly, fi flat panels of sev eral 


types of edge support. Simply : 
ported edge conditions were approxi- 
mated on the loaded edges by placing = 
the pane ‘Is in a series of short, slotted, 

round. bars that were aced on small 


Sketch ag the ‘Details ‘of the by Which Simple Suppor of as shown i in ig. 5 sup- 


_ Loaded Edges of Sandwich Panels Was Attained. a 


One end of a strip of ree ti angul: ur 4 
section is cl: amped and a suitable bob a | 
placed at the free end. The modulus is 7 P 
calculated the of f vibration 
of the bob, which is determined by tim- 


ing ten complete Vv ations. 


the sides of 


mined by placing a 2 in. square, 
to S-in. long, piece of the core material es 
incompression. [f such a specimen was. 

not available, it was built up. If the 

core materi: al was sturdy enough to sup- 
port the "appar: atus, the deformations 
were measured with a Marten’s mirror 
as shown in Fig. 3. 
For softer core materials, a Tuckerman 

gage was used to measure deform: ations. 2 
Figure: 4 shows” the Tuckerman gage 
adapted toa }-in. gage length, with the 
gage supported by small nails. This 

| adaptation of the Tuckerman gage was 

| also useful in dete rmining the deform: a- 
gth. | tions in short specimens of core ma- | 

ir modu | terials. These deformation- “measuring 
suitable | devices fail to operate properly if the 
ial. The | core material i is so. soft that it will not 

the ratio | § the: -ereep 
was not 

40. The measured lights on 
saddle} small sharpened pins placed the 
veniently | specimen. The distance between pins, 
shown it} it the same vertical plane, normal to — 


1d to cal | the direction « of loading, w: measured 

by means of filar microscopes. 
neasuring Poisson’ s ratios of the core” material 

1 for pr} Were measured by placing the specimens © 

‘in which} ina horizont: il ty pe of testing machine. = 
a torsion The strains at several loads within the 


tained & elatic limit, and in a direction parallel ee 6.—Test of a Flat Panel in n Edgewise Cae 


All edges held to simulate sup edge conditions 
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—Test of a Flat Panel in Edgewise Compression. 


a Loaded edges are clamped and sides are simply — 
panel were obtained by supporting 
the panel between segments of narrow 
bars | designed to hold the edges straight A 
but adjustable for various panel thick- 


nesses, . Figure 6 shows a panel being 


tested under simply ‘supported 

tions ata all pdges. -ctrical resistance 


“ Fig. 8. Test of a a Panel eal Sandwich Construction on in 


measur 

strains at various points in the panel 
dial gages were used to measure 
lateral deflections. The buckling loads 
were determined on the basis of the 
load-strain and load-deflection curves. 
om Cla amped edge conditions at the sides 
of the panel were simulated by holding 
the sides ‘hetween stiffened angle i irons. 
Ch: amping of the loaded edges of the. 
panel was approximated by bolting the 
ends of the panel between s stiffened angle 

irons, A panel being tested with loaded 
edges clamped and remaining edges 
- 
simply supported is shown in Fig. 7. 
Similar tests were made on flat panels 
q hs aving all edges clamped. — 
Fiat panels were also tested in 1 edge 
_ Wise shear to de ‘termine their buckling 
characteristics. They “were Joaded 

through he: avy plyw wood rails bonded to 
the panel at its edges. Shear was itr 

_ duced in the panel by pulling the frame 
work dia; agonally pins placed al 

theends of the ails as shown in Fig. 

—E lee trical re resists ” nee gages w ere used b> 
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were than the 30 o thi at they 


= A on the specimen under a 
small initial load and was then held in 
place by jack se rews placed at the cor- 
ners the ate los ad was spplied 


why 


sisté ace. rain pony were placed at 
several, points across the w idth of s 
_ of the panels to check the distribution of. 
The lateral deflections of | the 
flatter pane were measured by means of 
dial gages. The buckling of 
curved toa dale r adius oe curred sud- 
denly and without previous lateral de-- 
flection, “so that no lateral deflections 
were the buckling 
the 
Aig 10. —Testing Arrangement for Subjecting of Sandwich Construction to Com- One of the por ble mo des of failure of 
bined Edgewise Shear and Compressive Stress. 


‘various on se ‘veral panels to de- Combined eadgen wise. shear | 
ermine the quality of the she: ar in- 
dueed in the panel. Bue kling loads 
“were determined by observing the lat- 
wal deflection of the center of the panel. 9 the before a asse 
controlled by placing the opening in the 
frame (which woul d be the size of panel” 
actu: ally being tested) at different angles 
to the direction of the applied load, 
which was always in ¢ ompression p 
lel to the odges of the fr: amework,. 
We shown in Fig. dtr: tins used to 


“plied were measured at different points 


ped 


on the panel by means of electrical re- | 
sistance strain “gages. The buckling 
e panel ‘te panel was observed by me: 
the lateral | de ‘flections with dial gages. 
‘Uniform load tests, ina 
- normal to the facings, were made on 
curva | Nea flat t panels of of ‘sandwich const rue tions | by 
the sides | pla the panels over an airtight, open-. 
“holding end box. The panel was held down 
loro. the ‘corners with clamps. The edges 
of the | were sealed airtight to the end of 
iting the | strips of sponge mbber, but were 
to turn up as the load was ap- 
> plied, thus- approximating the case of 3 
edges > simply supported edges. A vacuum 
i drawn inside the box provid led the 
means for applying | the load. The load 
measured with a m: anometer. 
flections at the center of the panel we 


buckling | measured with a dial gage. 


4 Toaded Curved panels of sandwich construc- 
onded to} § tions were tested in axial compression, 
was The panels were stiffened at the 
ie frame | with an additional strip of thin alu-— 
placed a Feet of a Sandwich Construction minum or plywood bonded to each 
n Fig. toDetermine the Wrinkling Behavior of facing to prevent local compressio 
_ the Facings Under Shear Stresses. failures oF the panel w were 


Normal to the Used to 
Determine to-Core 


— 
straight in a shallow, loose-fitting &§ 
Be 
7 — 
q 
: 
\ 
> 
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facings. The prob lem is similar to used i n attempts io detett unbonded 
of column supported el: astically areas in the completed sandwich panel, 


its length. _ Tests: to check o one that was thought simplest and 
: aa most reliable was tapping of the facing 


compressi ng: a short column of the. and lis ‘tening for changes in sound of the 
sandwich construction. If necessary, tapping. Other r methods tried were 


the ends of the facings were supported posirion special lighting to de tect blisters, (2 


w ith small bar clam; or were cast in Supersonic inspection of 
plaster or resin to prev ent end failures at 5 ‘Fig. 13. Sketch the ane wo acuum, 1) pk ac ing a 
Method of Making Strip Test for Evalu-— = acuum cup ‘over portions of the panel, 


ne _ Strains in ‘the facings were ating Quality of Bond Between Facing and “a 


| with electrical resistance- type. Core of Sandwich Materials. (5) internal pressure, (6) heating the 


strain gages. Theoretical considera-_ ‘complete panel, (7) local heating, or (8) 


tions of this type of failure of s: andwich universal joint, and. avoiding pulling on buttons bonded to the fac. 
showed that it is possible that small ir- trieities of load application. ings at vi rious points. Unbonded areas 
Sk in the facings may ¢ ause _ Alternately, a method for measuring were ¢ detected by many of the methods 
early wrinkling failures. herefore, the quality was to strip the facing but the location of poorly bonded ai areas 
= original profile of the irregularities i in the from the core under impact lo load and to was not always possi’ le. 
facings was measured by traversing the measure the energy required. his was The durability of ‘sandwich construe. 
specimen with an apparatus reading de- done by placing” the specimen in a tions was measured in several ways, 
flection | to 0 0001 in. During the test q special clamping fixture and pulling the — ~ Qualitative tests of durability were made 
fae ing from the core by means of the by exposing sandwich pray i to ac tual 
at Labor: story's pendulum-type toughness to artificial = 

inereasing loads by means of an ap- ‘machine. diagrammatic sketch of the conditions. 

paratus arranged to traverse the length 4pparatus 1s shown in Fig. 13. The The behavior of h wa 
of each facing. This apparatus was at an angle of 60 deg. see: was de. 

sisted of one dial placed at each facing to m the sand-_ te rm ed 
read the deflections and nother dial 

oT ranged to read the vertical position of 
- the later: al dials as the traverse was 7 
made. The traverse was made rapidly, 

5 in about 5 sec. , So that plastic flow effects } 
vere small, and the dials were photo-_ 
“graphed with a motion picture camera 
as the traverse was made. The readings — 
af the dials were subsequently trans- 
cribed from tne film. Tests of sandwich 
constructions conducted in this manner 

showed that the irregularities did grow 
ad cause wrinkling failures at lower 


loads th than formerly predic ted. w< 


. The « elastic sts ibility of the facings of 


q 


b 


sandwich panels subjected to shear was 
- measured by loading a small panel i in a 

manner similar to th: it used to test the 
buckling of large flat— ‘pane Is in shear. 


11 shows the used 


ich construc must funct tion 2 as 
a unit, it is essential that ‘this bond be- 
good enough to meet this 1 requirement. 


for determining ‘the qua ality of the Fig. 14, — Apparatus for Applying Constant Load to s a Shear Specimen of Sandwich ( Core 


the Forest Products Laboratory was to — ile. re position of the specimen in Ps core material to fatigue tests in shear. 
test a l-in. “square sample of the sand- relation to the axis of rot: ation of the The type of specimen was similar t 

wich in tension normal to the. ina of pendulum w was adjusted so that the i im- that used to ob tain shear strengt 1 ani 
sandwich. T he load was applied pact was delivered to the specimen when i ig. 1). 

through aluminum cubes bonded to the the pendulum was at an ar angle of wie 
of the sandwich. Figure 12 deg. from the vertical, and the pendulum constant load for long of time 
shows | how ‘the cubes w vere loaded bob was placed far enough from the ) was inv estigated by loading | *® 
through pins; the lower pin was placed of rotation” so. that the facing shear | ‘specimens of core materials 10 
~@ right angles to the upper pin, thus s stripped from the core throughout its differ ent percentages of maximum loads 
placing the specimen at the center of entire length. as determined from tests of matched 
BUL LLETIN. 1 1950 
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panel, 
1g the 
or (8) 
1e fac. 
1 areas 
ethods 


nstr 
ways, 
e made 


ich Core 


n shear. 
nilar to 


loading 
r ials to 
m n loads 


natched 


apparatus used for a pplyi ing the onsts int 
load is shown in Fig. 14. 
duced in the specimen ‘by applying 


In order to determine how sandwic ho 


| 


‘Fig. 16.— 


f Head 


||| 


2 

e 

Holddown Rod 


Movement o 


Applied 
Force 


"Testing Machine Platform 


‘Fig. 15.— —Racking Test of House Wall 
‘ig. 1). T he 


“control s specimens i in in shear (Fig. 


| on sandwich cons structions of 
- type proposed for use in housing has 


‘Shear was in- 


dealt with cons structions usually much — 
thicke er and of weaker 1 mi raterials than 
sandwiches for aircraft. They were | 
composed of aluminum plywood 
facings cores of. paper 
honey omb | or corrug. xated Tests 
such 
4s web | used ina a house, 
tions pf support and loading simul: ited 
as much as possible. 
Floor, wall, and roof panels were sub- 
jected to bending loads. -anels were 
supporter 1 at the ends, and the load w as 
constructions will behave at elevated usually applied at two quarter points. — 
temperatures and under conditions such j De flections up to design load and | also 
a are met in oper: uting airer: aft at to 2 times design load were obtained 


supersonic velocities, tests of long and by observing the ial of a seale at-_ 
short columns, she ar 


] tae ‘hed at the center of the span relat tive 
tests, and tests of aluminum ie ioints 


were conducted at elev: ated tempera- 
tures to 600 he tes sting me thods 


tensile forces as for the fatigue tests. 
Detorms on were mea with mir- 


ras projec ting ears of if the faci ing mate “al, - 
and readings were taken at various time 
intervals until failure occurred, T he 
time to failure was obtained by arre 
ing the apparatus to interrupt the cir- 
cuit to an electric clock that was star ted — 
when the load was first applied. 


reaction al panels incor-— 
porating large overhang for roofs were 
loaded under dead load of loose sand up 
to 2h times the design load. Ms: axi- 
‘mum loads we re always obtained by 
testing the pane ls under loads applied a 
two quarter points until fs failure: occurred. 


Floor, wall, and roof panels: were 


tested under _impac bending 


BULLETIN: 
ULLETIN 


OF One SANDWICH Constr 


Experimental Unit Built of Sandwich House 
Constructed at Forest Products Laboratory. 


This was done by 


indentation with a dial gage. 


down rod would not be realistic. 


to a fine wire stretched from the ¢ 


supporting the panels 
~ the ends, a is for the static type of © 
eading test, and applying loads at the 
ae of the panel by dropping a 10- 
in. diameter, Ib. sandbag from vari-| 
ous levels. a: he sandbag was raised to 2 
required height above the center of the 
yanel dropped by tripping a_re- 
ase mechanism. The bag was then 


dropped from higher levels in inere- 


until: failure oc 


Centr: 


cont sit with it at the sia of impact. 
This seale was held in a sleeve by fric- 
tion. Thus, vhen the impact deflected 
the pane 1, the scale was “<i through 
el 


and in 


flec ted. 


performed on all panels 
was the indentation test." 


supported on “the full | ‘span 

loaded at the center through a bar Jin. 

in diameter. . The deflection was ob- | 

served with a scale and wire "apparatus, re 


all panels were tested in compre 


sion. he la iteral -deflection and the 


total compression were measured with 


Racking tests “were made on on w: 
panels to simul: ate conditions of. wind 
load on the walls of a house. he ap- 


paratus used is shown in Fig. For 
some pane ‘Is which were to be used Vin 
one-story houses, th -hold-down 
was not used because it was felt that the 
roof | loads w w oulk d usually be so light that 
the e compression. imposed | by ‘the hold- 
- flections a of the panel at various | 
were measured with dial gages As 
ibility of housing sandwich con- 
tions w as determi 


specimens after exposure with that of 


control specime ns. The exposure. 


used was as follows: — 
ae 
Immersed in water at 122 F. 
Sprayed with wet steam at 194 
F. for 3 hr. | 


actual 1 
as de | — >” — 
= 
im 
— 
= 
— 
4950 | February 1950 ASTM 


Stored at 10 F. for ‘ 20 hr. 
Heated in dry air at 212 F. . for hr. 
- Snrayed with wet stream at 194 to 
Heated i in dry air at 212 F. for 18 hr. 

‘Specimens were subjected to six ‘com- 


> plete cycles prior to testing. _ Samples 
were also tested wet after soaking in ss 


water for several days. 


“humidity was observed by 


panels in in wall openings between t to each other, individual 


rooms, one maintained at room tempe 

and humidity eonditions and the 

other at —20 F The amount of bowing 
or warping was measured with dial 

The amount of water absorbed 
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Chance Voug 
Division of United _Airer: aft 

in cooperation with the U. 
partment of Navy, Bureau of Aeron: 
, has dev eloped a lightweight, high-— 
strength sandwich ¢ construction known 

ig the trade name of Metalite. This— 
ofa 


relativ ely thick end-grain balsa core to 


4 


which are bonded thin facings of high- 


-gtrength aluminum alloy. It has pro-— 
- vided the designer with a material hav- a 
ing properties of excellent aerodyn: 
smoothness, high  strength-weig ght 
ratio, and freedom from skin buckling 
‘not by cony ventional 


w Tts was paramount the 
the material possess a high, unifor mi 
quality in order that deteriorating 


NOTE. ins USSION OF THIS PAPER I 
§ INVITED, either for publication or for the atten 
tion of the author. Addre ass all communicatior 
es to A.S.T.M. Headquarters, 1916 Race St., Phils 
‘1 This paper was presented at a meeting of 
; Committee C-19 on Structural Sandwich Con- © 
; structions, held in San Francisco, Calif., October _ 
13, 1949, ‘during the First Pacific Area National — 
Meeting athe 
2 Supervisor, Engineering Structures Materials, 

a Chance Vought Aircraft Division of United Air- 7 
*H. B. Gibbons, “Experiences of an Aircraft 
Manufacturer with Sandwich Material,’’ Quart- 

erly Transactions, Soc. Automotive Engrs., Vol. 

N 1947, pp. 415-428. me 

“Reid, “Balsa Wood as au 

Core Material in Sandwich pre- 
sented at National Research Council—Office of — 

Naval Research Symposium on iad held in 
_ Washington, D. C., June 16, 1949. ndietttints 
ral Specification QQ-M- 151. 
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not reduce structural integrity through- 


End- Grain 


n under test for. about 


1 by weighing | the panels has bee 


periodically. occurrence of icing yr. 
inside the ‘panel was checked by cutting 
open the p: panel. 

In order to obtain a realistic test 3 

panels under actual use conditions, Research on andwich 

unit consisting of sandwich construc- of both the aircraft and ‘the 
tions in the w: alls, “floor, and roof was is continuing at the I 7orest Products 
built” on the laboratory { grounds (Fig. Laboratory, and many of the data that 
16) a This unit has several different have been obtained are available in re. 
types of panels, pla aced individu: ally so port form. Those reports with special 
that they can be eas sily r removed or regard to testing methods are Report 
placed. Since they are not connected No. 1555, “Methods of Test for De 
termining Pr roperties of Core 
performance | with regard to bow ing and "Material: for | Sandwich Construction at - 
irping can be measured periodic ally. Normal Temperatures” and Report No, 
‘The i indoor conditions can be controlled (1556, “Methods for Conducting Me 
ata any ature and that eal Tests of Construs ‘tion 


UsIO? 


a= 
= 


of Metal 


ite Sandwich 


Construction 


ch Ge 


“ out the o oper erational life of the ‘aircraft. 


In view of these rigid requirements, _ 
il dev velopment | was directed t tow 
produci ing the highest « quality practica-_ grain balsa at the panel edges i is a rela- 
ble and conducting varied and exhaus- tively small surface area compared to 
: tive tests to establish the suit: ability of - - that of the bonded area of the sandwich | 
this type construction for use in high panel. A more complete evaluation of 
performance naval aircr: aft. = alsa as a core iterial iously 


It is the purpose of this: paper to dis- 


that the surfs ice 1s by 
the metal facings: and the exposed flat- 


the Cycleweld C-3 cement and Duret 
; 12041 adhesive system. The facings 
9 9 T+ clad 
0.012 by 14 by 14-in. 248-T= 
aluminum alloy. he cores were 2 in, 


waif 
dures used by Chance Vought ireraft _ study the general dur: ibility of Metalite 
to determine the ‘effects of acceler: rated was the. “exposure of sandwich. “panels 
and natural exposure on cores of balsa or mahog- fu 
and general efficiency. An account of. cles of water immersion, subzero- 
broader aspects of its dev lopment temper: iture, and elevated temperature. 
_has been presented in another T paper.’ * Mahogany was selected as a comparison 
standa ard since it is used as a core insert 
Exposure edging material in Metallite and 
rhe use of balsa as an end-grain core “possesses known characteristics of goo 
for. sandwich construction originally durability, bondability 
posed many questions regarding core- stability. 
bility because of its known inherent 
susceptibility to moisture absorption 
and the resultant dimensional change. 
Tn spite of av ailable on balsa 
that ‘time, it was believed that the 
ticular use of balsa as an end-grain core — 
woul d show a behavior 
ate, 
ASTM BULLETIN 
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and the ‘edges of ther remaining two w ere” 


vised 
Metalite 
panels | 
subaer | 
yerature. | | 
nparison 
re insert 
lite and 
of good 
jensional | 
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TABLE 1.—EFFE OF 
‘CLIC EXPOSU (RE ON 


Balsa 3 Mahogan 
Core 


1900 


1810 1810 
1500 


1730 


1500 


1500 
1500 
1470 
1830 
1610 
1835 
1730 
1900 
1580 
1870 
1700 
1740 
1710 
1760 
1640 
1610 
1570 
1660 1580 
1510 1500 


: Ex posu  Norr.—One complete exposure cycle consists 
pears of 24 hr. immersion in tap water at room te mpe ra- 
Fig. 2. —Weight Change During Cyclic Exposure. ar al ; - ture, 24 hr. at —65 F. and 24 hr. at 200 F. _ 


ed atmosphere of 75 to 80 F.and 50 ‘specimens and from those 1 ret: ained as” the strength of the ba 
to.55 per cent relative humidity prior to controls. The 2-sq. in. cireul: ar test the bonding agents used to secure 
panel-assembly and bonding. After specimens were bonded between dur: alu- ings to the core. To establish the 
bonding, the sandwi ich panels were minum tension: _bloe with Redux gene ral tensile strength characteristics 
‘ditioned in the same controlled atmos- -adhesiv wie | then tested in 1 tension at temperatures ranging from —80 F. to 


phere. From each panel six test speci- (perpendicul: ur to plane of sandwich) 250 F., comprehensive | test. progr: am 


1660 


D-Balsa Core- Unprotected 1765 


750 
i 690 
1570 
1590 


1720 


1510 


1650 
1600 
20 


‘ 
mens; 4 by 6) in. in size, Ww ere failure. done using is carried out such that all factors of 


ms iterials and fabrication were ¢ carefully ry 


as controls, two were ‘left controlled, 7 In addition, the experiment 
with the specimen xdges unprotected, 000 opel ity. “The. in T able ‘4 ras replicated three times to provide 


sl 


10W ‘the tensile “st re ‘engths of samples necessary ya ata for eiven condition the 
protected with two coats of Specification — taken from the exposed protected and _ 
-V-26 spar varnish sealer plus one unprotected specimens and the ‘speci- 
top coat of aluminized spar varnish mens retained as controls. It. may 
sealer. _ The 4 by 6-in. test specimens noted that no significant reduction in 
were then conditioned -equilibr ium tensile strength resulted for protected or 
weight in the controlled atmosphere unprotected specimens having either 4 
previously described and their weight de- balsa or mahogany cores yonsidering 

‘termined to the nearest 0.01 go oe the severity of the « exposure test, the 

_ The edge-protected and unprotected data proved of great value in that such 
test specimens having either mahogany “exposure W oule 1 be less, detrimental on 

ov balsa cores were exposed to three large panels normally used in airframe 
veyeles, each cycle consisting of immer- _ construction because of the lower ratio 
sion in tap water for 24 hr. at room tem- | per panel edge area to the bonded area of 


perature, followed by 24 hr. at —65F. in the entire panel, In all cases the general. 


. a refrigerated chamber and ending with level of tensile strength for the Fig. 3. Biect of Temperature 


‘Test on Tensile Strength. 
24 hr. at 200 F. inane lectrically- -heated samples was in ex 


ven. The weight of individual test ‘required for accepts ance in production, Metalite 

specimens was determined at the be- T he accepta able minimum established 

ginning and end of each ‘single phase ise of for product tion quality” control is a 900 Durez The 
each evele. These data are summarized average for four specimens with no facings were 0.012-in. 243-T elad alumi- 
inFig.2. It may be noted that the test | single value to be | less than: 700 a num alloy and the core was 8.0 lb. per : 
Specimens having e edges protected with ema ft. balsa, } in. in thickness. Three 
the standard sealer finish exhibited only _ the aircraft ath of today is the effect ~ sets of 36 panels each were preparer dsuch 

4 small change in weight throughout of service temperatures on the strength — that each set was fabricated i in separate — 
&xposure, the balsa core specimens of aircraft structures. Since Metalite bonding cycles using cores made from 

absorbed slightly greater amounts of sandwich construe tion was developed for one se ‘lec stick of balee a. F rom each 
moisture than the 1 mahogany | core speci- use in highly stressed airframe — 
Mens. Asa check to determine the quan-— nents, it became necessary to study its cut and duraluminum 
titative effect of exposure on strength, “behavior throughout wide ranges of tension grips” with Redux adhesive as 


cireular tension specimens, as shown temper rature. Of particular importance in The 216 te ‘nsion 
Fig. 1, were cut from the exposed test was the effect of v: arious temperatures on 


ion at — 
| 
This 
fis 
— 
» 
— 
| 
During 
— 
J 
S-T-clad 4 


into twelve subgroups of 18 spec imens 
each. Each of the twelve subgroups 
was then tested at one assigned te empera- 
a condition between —80 F. and 250 

. At temperature le vels be low room 
the specimens | were 
-ditioned and tested in an altitude 
ber maintained at the desired tempera- 
ture for the test. The load was applied ; 
to each specimen by means of hydraulic 


eylinders and self-aligning testing grips. 


The ultimate age was recorded by elec- : 
nism. At temperatures ‘above e FOO m tem-— 
perature, the specimens were con- 

ditioned to the desired test temper: ature 1 


in in an insulated chamber heated by elec x. 


In fi ig. are summary curves showing 


be typical test consisted of exposin 
4 unprotected cantilever beam spec imens- 


tric elements and mounted between the 
heads of a Baldwin-Southwark Univ ersal 


Testing Machine. When the 4 


ing temperature had been reached and 

maintained, the specimen was tested in — 
tension until failure. 
a Another complet e series of test panels 

‘and speci imens were prepared in an 


identical munner except that Redux 


was used as the facing to 

bonding agent. This was done in order 

- to observe the behavior of two distinct — 

adhesive systems under similar condi- 

tions of I test at various temperatures. 


sa 

peratures —80 F. to 250 "These 
ita proved to be a v valuable asset in | 

predicting general behavior of 


Metalite at various’ temperatures and 


_ provided a sound basis for planning and 


conducting additional test programs 
th e strength o of structural elements. 

In the development. ‘and use of ma- 
te ae for nav al aire raft construction, 
one of the most i important considerations 
is the effect of cor rosive 


of partic ular mportance i in evalu: ating 
the efficie sncy of Metalite. Numerous 
tests hi: ave been conducted to study 
effects of corrosion at the bond inter- 
face. The data obtained have not 
red directly to predict behavior 
“servi ic €, but it has been useful in making 
rapid comparisot of the effects of 
variations in bonding mater ials and 


fabrication processes. 


to salt spray and then testing them in 


fatigue was done using a Krouse lie: 


200 
U 


machine. The: repeated load was s applied. 


_ (1800 cycles per min.) such that a com-— 


plete reversal stress of 20,000 psi. 


(static ) was obtained in the metal face 
ings until specimen failure. T he tots _ 


as shown in Fi ig. T he of 


number of at t time of failure \ was 


all speciinens exposed to salt spray and : 
those used as unexposed controls were in 

the metal facings. _ The general decrease 


in of eveles to failure ith an 


test for 
termining its effect on the 
‘Strength of Metalite construction. One 
by 32-in. production panel fi fabricated 
with -Cycleweld- Durez system | w 
‘ted for test. ‘T he panel was made of 
0.016-in. clad aluminum alloy 
faces and 9 to 12 Ib. per cu. ft.. 
thick balsa core. From this panel 120 


245- T 


standard tension samples were cut and 


bonded between duraluminum tension 
grips with Redux adhesive. The 120 


Specimens were randomly divided into 


six groups of 20 specimens eac *h. 
taining one ‘group control, 


fatigue. The specimens were fabricated taining groups were each exposed for 
= the Cy clew eld- system using 


Various periods of time in a standard 
T esting in 


various periods of time to a standard © 


salt spray atmosphere. The spec imen 


tensile 


dete : 
e salt spray at- the effect of salt spray exposure was de- 
mosphere on ‘strength. This factor was" 


200 
Exposure to Sot Spray, 


Effect of Salt Spray on 


tested in tension to a Baldvie 
Southwark Universal Testing Machin: 
using self-aligning- grips. Figure 
shows curves pres senting the effect of 
spray exposure on tensile 
strength. order to. the range 


4 


of strength values obtained, «urves were 


the drawn through the maximum and mili- 


mum values of each ¢ group in addition to 
the curve indicating the mean strength 
of each group versus exposure time. It 
is of interest to note that. the actual 
7 range of strength values remains fairly 
constant regardless of lengt h of exposure 


. time. Subsequent tests in which speci- 


AS 


mens were edge-protected and sted in 


ond then divided 149.000 wae 
y rotected Specimens | 
= due to localized stress concentrations : bee 
‘adi 
Re 
— 
4 the 
Mie whe 
198: 
| of th 
— . tion 
Min 
and in. thick, 9.0 lb. per cu.ft. Eng 
if and therefore represented a very severe Ene 
aT itm test as regards the relation of expose Eng 
edge area to the total Inst 
After exposure. spec} s were 


* MODEL Fav -4 STABIL IZE RS APTEI R SE RVICE 


ulated a Modified Raverted Low Angle of Attack Condition. 


Attachment fitt ings | 
hid 
Me tal beam flange | 


Caribbean 
aribbean 
Caribbean | 
Caribbean 
Pacific 


Caribbean 


_ @ These values are in terms of per cent of design ultimate load for conventional all-metal stabilizers for ; 


ious Model iU series. ‘The minimum value for the Me etalite de sign is 150 per cent 


stabilizers after various periods of data obt: ‘ined. TI he application of 
service operation. Under contract with formation — derived aecelerated 

the U.S. Navy Department, Bureau of he tests is limited as far as prec die ting actual 
Aeronautics, approximately 400 stab a service durability he but is invaluable in 
lizers (Fig. 6) were produced by Cha nee making comparisons of various materials 
Vv ought Aircraft for installation on and fabrication processes. — In the final 
Model F4U-4 airplanes that were operat analysis, experience has shown that 


ing in the Caribbean and Pacific areas. actual service exposure testing is the | 
Periodically stabilizers were returned to ~ only means for determing true 2 dur ability 


he lance Vought for static tes st to destruc-_ of this type- mi naterial. However, 
tion to determine if any y loss in struc-- 
tural efficiency hs resulted. In ad- 


dition, individual Specimen | tests of the 


successful dev elopment. of Met lite 
would not have been possible unless 
specific tests: involving a accelerated cor. 
ditions had not been conducted. en. 
There are several important factors in- 
ved in test programs to determine 


asic sandwich were made after static 
Table II presents results of the 

sti atic tests of ste abilizers— after varying 

lengths of service oper: ition. According durability which have prov ved to have a 
Bs eee : to the data obtained, no loss in strue- direct bearing on applicability of results 
tension after ay exposure tural efficienc has resulted regardless of obtained. These are panel size, pi anel 
periods up to 1800 hr., showed no s sig- _ length of service, sine e the primary static ~ construction, number of tests, control - - 
nificant loss in strength. These dat test failures did not oceur in the sand-— specimen preparation, test conditions, — 
the ve wich construction. Tension tests: of and control of test procedures. 
properties of the finish sy stem, p: artic u- sandwich have shown no loss in bond possible, test programs are 
larly in cases where the ratio of elec strength or ? deterioration 0 of the balsa — such that the data obtained can be 
edge a area Was high with respect to total core. sail 7 7 - statis tically analy zed in order to make 
bonded area. accurate estimate of the mean, 


“minimum and maximum s stren rths as 


Coxe “well as variance. These data can then 


7 The most significant data on the dura- One of the most important considera- . be used with more re Mii ibility as bases for | 


served to demonstrate the protec cti ive 


bility of Metalite struetion Ave in determining durability has been ablis oe control 


been obtained by testing Model F = 4 that of correct interpretation of the 


“Report of the Engineer’: s Council for | Professional Development 
venteenth | Annual Chem. It concerns itself with 
Report « of the E ngineers’ Council for Pro- _ the professional, technical, educational, 
fessional Development gives an encourag-— and legislative ph: ases of the life of the | 
ing across-the-board pic ture of what the ind lividual engineer. Its principal work by 


28, 
= self-supporting basis and made 
more accessible to guidance coun-— 
selors and persons desiring to be 
In the field of professional training, 
steps were taken to ests ablish a 
-point program directed toward 
extension of educational processes | 
= the period following gradu: i- 
tion. T he plan envisages 
_ organized pr program for continuing 


Engineering P rofession is g to improve is done | by four sti anding committees who 

e of its me ae and to ade iress themselves to. the betterment in- 
make engineering work more rew: arding methods of selection and. guidance of the 


in personal satisfactions. For this reason v7 student engineer, the content of his college , 


the compe tence 


Baldwvit 
Machin: 


igure 4 the 47-page recently published document curriculum, the orientation of the gradu- ss engineering education into and — 
efiet of | deserves a careful reading by all engineers ate engineer in industry, and finally the - through the years of active em-_ 
tensile interested in the procedures by which he is awarded profes- _ ployment. 
uC a organize 20d in the ECPD is done t by some 300 educators Ce sted = 
nd mini of the the ssion: status en several grades of membership in 
gh coope rative efforts _ their services in the interest of the profes constituent societies and estab- bee 
dition of the following eight engineering organiza- lished minimum standards 
strength tions: Am. Soc. Civil Engrs., Am. Inst In the lead article, J. W Parke ‘retir-- admission to the 
time. Mining and Me stallurg. E ungrs. , Am. Soc. g ECPD chairman, calJs attention to the 
e actusl Mechanical Engrs., Am. Inst. E lectrical progress achieved during the past year: 


| Ep Ts, at 8 
ins fairly Nat. Counc. State The Pre-Engineering Inv entory, 
gineering Examiners, The Soc. battery of tests for aptitude and 


Engineering I Education, The Bava ring 


of Can: the Am, Inst. 


Fel 950 


‘achievement developed , under from ECPD, 29 We est 30th St. New ork 
CPD sponsorship, was placed on 
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vA This r report covers conduc ted at the U.S Engi-- 
neer Research and Development Laboratories ‘the exposure 

_ results obtained from the Atlas Twin Are We eatherometer with those ob- 

tained from the National Carbon A Acce ‘ler: ited Ww 


on test panels, the preparation of which was carefully controlled, was proved 
by experiment to prov ide a — test of the e effects of exposure of the © 
"Phe report that the results obtained from accelerated w eather-_ 
in the National Carbon X1A and the Atlas Twin Are Weatherometers - 
are correlated if the paint is dip-applied on primed metal panels; the ma- _ 
chines are both operated in accordance with Federal Specification TT-P-i4la, 
modified to control machine temperatures at 155 + 5 F.; and if the Atlas — 


W is equipped with the 68-12 control cam 


making Gin tent, ‘ine and because of. their 


VELOPMENT or Test 


ted Wea ther 


exposure oh 


ing Machir 


_@ 


liam E. oyer 


water immersion tanks, and accel 


weathering mac hines. 
However, even with the: 
ultie s he we been encountered be. 
cause no stand: urd procedure has ever 
sstablished for lal 
establishes or la boratory. exposure 
that would duplicate, for example, the 
fe sequenc e of conditions found 1 in outdoor 
sure. I 
= exposure In addition, no completely 
- satisfac ions set of stand: urds of outdoor 
as ever been established, 
In the case of accelerated w eatheri 
mt achines, the additional difficulty has 
existed that results obt: tined from me 
chines of the same manufac ture, as well 
as from machines of different design and 
manufac ture, hi ave been impossible to 
correlate either among. themselves or 
with outdoor exposure. This, has, oi 


course, cast serious doubt on their use. 


HE Shief f Engineers 


direc ted that ‘the comparative effects 
of two types of weathering machines of — 
differ ent manufacture be det termined. 


This would require the use of a testing | 
procedure not then in existence, © 


as 


duplicate i in the laboratory. Too, these 
tests t take y years to comple te, pro- 
_ eurement of paint by specification cannot 
- The alternative available has. been t 


“test paints n the |: 


4. 


iderabl has been done 


various a agencies | in an ‘effort to 
ablish some basis of 


e wor 


necessary to determine the variations 


| 


in results caused by the lack of uniform- 
ity in the test panels themselves before 
¥. the variations caused by the machines 
could be determined. wa 
preliminary ir investigation vas 
launched, therefore, “dev elop a_ 
me thod of testing, an accelerated wei ath- 


es 


"panels ‘exposed to its ‘operations hat 

investigation is reported below. The 

eriteria developed in this investigation 
ere then applied to the primary — 


pera- 
tional effec ts two types of 


a The labora tory tests of paints with 
which this investigation is cone erned 
proposed to measure the durability that. 

ean be expected of paint coatings in 


affecting this durability include the 


many physical properties | of the — 
coating itself and the innumerable and _ 
constantly varying conditions of outdoor 
exposure to | which the coatings are su 
jected. 


Actual field test conditions are, 


course, bey ond control of the agency 
4 
Members of Technical Staff, Re- 
search and Development Laboratories, Corps of 


_ Enginee rs, U. 8S. Army, 
2? National Lead Co. 


J 
; 3 
! ‘Fig. 1.—National X1A A 
located, simulated exposure condi-— 
Various laboratory machines and 
techniques have been devised _whie h, 
when used in combination with, tend to 
duplicate to a limited extent the ac tual 
field exposure conditions. T hese in- 
Fort Belvoir, Va. okiyn, abrasion testers, salt “spray ex- 
Research Lab., Broo kly 
“cabinets, humidity cabinets, 
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a 


in 


i 


‘Weathering 


and outdoor exposure and to , determin 
the limitations of the machines. The 
“results of this work have serv ed to point 
limitations 


es 
 £QXorrelation o 
aa 
= Rey W. Hill Gee: 
— 
a 
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— 
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af 
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Le 
th 
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_ 3 The boldface numbers in parentheses refer 
references at end of this paper. 


no pre ‘ictal le rel: 
could be shown between machines and 
or exposure in testing such impor- 
outdoor ex} ] 


paint failures as checking, 
through, or bliste D-1 
aa 
on Paint, V arnish, acquer and R lated = 


ts of the rican Socie ie 
Testing M: ate rials under the ch: airman-— 
of H. A. ‘Nelson (2) on the ¢ other» 
hand, declared after an extensive testing 
program that, in gener: al, the acceler-_ 
ated tes ts predic ted reasonably well. 


Xposure 
ple, the 
outdoor 
ipletely 
outdoor 


the general results of outdoor exposure. 
(3) found that ‘Nat ational ‘arbon 
4 machines gave a significant « degree 
om ma- 


of correlation with the results obtained 


well | by actual exposure to Florida weather, 
ang that the Atlas Twin Are W eatherom- 
eters gave results just _under the 
ant level of correlation. Williams 
eit <a (4), in a study that seemed to limit the a 
ie usefulness of the othe r investigations, z 
found that water supply, dur: ation of 
fort. to water exposure, maximum temper: ature, 
and the duration of the maxinium tem- 
perature tended to influence the results: a 


The more general use of the National 
Carbon machine i in preparation of 
Federal wartime paint specific ations 
based, i in general, lliff’s work, sand the 
fact that at least with Florida weather a ated 
truly significant correlation had been 
shown. ith the cessation of hostili- 
ties, there came e into existence a growing: 
‘opinion that these ifications coulk 
and probably should, | be written on the 
basis of using either the National or the _ 
| Atlas machine, if results from the = 
could be ‘properly correlated, or if it 
could be shown by suffic iently compre- a 
tests that there is no essentis al 
difference in the results obtained with 
theseemachines, 
v8 In the assignment of the problem | for 
solution, it developed that the Engineer 
Research and Dev elopment Laboratori ies 
was one of the few installations that 
had models of both machines. ~ERDL 
equipment included | three National 


3.— 


that the Tight tr: ansmitted is simil: ar ar 

to unli sht. In this machine, tes 

to sun ye t a method for solving 

panels jected to continuous probiem posed by OCE, the previous 
posure to this light and receive 18 min. of I shite I 


“the 
work, outlined above, was thoroughl 
spray once in each 2-hr. rotation. 


Carbons are replaced after each 10 hr. of by E It was obvious 


operation of the mac shine.” are at once that in order to test the ma- 


“machines and | two Atlas, so-that any two circular racks, one above the other, + chines, rather than the samples exposed f 
test conducted at the laboratories could _ which rotate once in each 2 hr. of rs them, it ssepor be necessary first to 

tot only compare the mac ‘hines with» machine opers ition. Three on the most basis for 
each other, but could compare machines were tested. in > 
of each mac hine. There fore, the Whe J ne of her variables inthe — 
Laboratories were directed in 1946, by ‘The Atlas Twin Are W eatherometer tests. 


the Chief of. Engineers, to investig: ig. is of closed carbon are ty The pain st of 
possibility of correl: iting subjects the test panels intermit orps of iungineers centers on camou- 
types of mac shines. tently to water Spray and continuously flage coatings. ‘These are usually ¢ of a 
to point a light similar to sunlight . Thecir- ‘temporary nayure, with color and color 
tation, ‘Equip cular rack rotates once in each minute of permanence éf primary importance, 


machine operation. Are operation is and the mechanical protection 
The National ¥ Accel. continuous, and the water-light rela- by the coating, secondary. Previous 
erated W. eathering Machine (Fig. 1) is of tionship is” is adjustable by a work had shown that it t is in the field of 
the open carbon are type. Corex eycling eam m (Fi ig. 3). Two « of ‘thee color change that accelerated weathering 
ms achines were used in the correlation. 5 machines tend to give results most easily 
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"filters are used ov er the are in operation 


chi 
red | 
‘ 
— 
4 
q 
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| | 
| 
BU 


those « 
of outdoor exposure. 


exposure in eac thofthem, 
— For ‘the | purposes of this correlation, 
effec ts of the accelerated weathering 
4 achines were restricted to the evalua- 
tion of changes of color on the test 
panels, in terms of rel lative brightness, 
domin ant weve length, and percent: ige 
of purity. Relative brightness i is that 
attribute which distinguishes | between 


light and « A: ark samples o of the same color, = 
Average amperes A 


the lighter sample havir ing the = 
relative brightness. Thedominantwave _. 
_ length is the attribute that distinguishes _ 
one color from another in terms of its 
/ common n: ume, that is, red from yellow. 
ercentage | of purity indicates 
freedom of a color from admixture with | 
colors. 
Fae tors inv olved: in ‘the of 
color changes due to weathering were 
J determined to be of the following nature: 


Color.— —Any ss satisfactory test method 
developed must be equally to. 


2. The Type of Paint.—The paint 
tested must, to provide useful answers, be 
of a type in use by the Corps of E ngineers, | 


and must be available in a wide variety 
of colors. 


Method of Application.— —Paint may 
= be applied by the dip, brush, or ‘spray — 
methods. of the investiga- 


= of variables, and would therefore 


‘and experimental ontrol. While the 

_ paint selected for test was designed for 
brush application on wood surfaces in the 
field, it was felt that any deviation from 
a such a method of application would be 
_ valid, provided it afforded a better labora- 
tory control, and provided | it not 
ially alter the effects obtained by 

Type of Test Panel —Thie inv volved 
ntially the same problem posed by the 


me of The i inv estigators aif nant wave 
brightness, 


difficult, Variations in ation 
and penetration of primer made reproduci- 
_ bility even more difficult. Steel pane Is, dip 

-eoated with an efficient metal primer, re- 
- mained as the only inexpensive alterna- 
furnishing a reproduc ible and 
satisfactory surface for painting. Since 
e investigation was to be restricted to 
the correlation of the weathering machine ‘So 

@ for color change only, the lack of film fail- — 
ures specific to painted wood was a 
sidered unimportant. However, to make 
sure that all possible relevant factors were | 
| Sf both ste it was decided to include 


of both steel and wood. | 
Periods During the Test. —This. 
factor was introduced for consider ration 


_ No special tests were made for this fac tor 


chosen from selected red cedar and cold- 


be most st easily susceptible of re production 


ainted by dip, brush, and spray mé reth- 


mes asured in a spec trophotome ter, the 


“curve sheets. These curves suppli ied 


a formance to Federal Specification TT- 


tained 7 74 ppm. of dissolved solids: 


7 27.3 ppm . Sulfate (SO,), and a trace of 


Panels 


7 


BULLETIN 


— 


oe OPERATING CONDITIONS OF N ATION. AL 


Type of current —230 v., 60 cycle, single- phase, a. c. 


ACHINES. 


|) er ve Machine 1 | Machine 2 

Corex D 


45 


D 


ave srage amperes. 
Distance from are to panels, ¢ 
7 ype of glass enclosing are 


92 
(18:25 


rrent 208 t to: 245 v. 


60¢ ey a.c. 


Standard | Machi 1 1 


Average voltage at arc........ 

Type of glass enclosing 
Average burning time of carbons, hr. 

Inte between successive wetting rs, min. 16 to 17 


a variable because the results of some of ch ‘pe anel for 300 hr. ‘spec trophoto- 


previous investigations indicated that it 


might tend to influence results obtained. During» the w hole t¢ test run. periodic 


ature readings of each machine 
although observations were re- 
ere recorded from black panel ther. 


ier 


consider: able. 
‘Procedure: 


The paint selec for testing wasa 
coating, conforming to Corps 
of E ngineers Specification for T-1: 215, 
“Paint, Camouflage, Oil Type,” in all 
17 of its colors. This is a ‘standard 
linseed paint. Test panels were 


 justed operate at 155 +5F. wal 
represented the low operating limits of 


After the adjustment, a second set of 
in four camouflage colors, was 
red in eae machine : and nd exposed 300 
hr re- post. exposure spectro 


trie urves were obt tined for 
rolled steel. The red cedar panels were! ms a 


these panels. 
primed with red iron oxide, the 
metal panels w ‘ith zine chromate primer 


Re sults: 
After priming, the panels were aged two trophotometr 
weeks at room temperature before the 


ul and exposed panels were then 
» 

application of the top coating. T hen converted into their respective dominant 

separate sets of | both ty pes of pi anels w ere wave length, percentage of relative 


brightness, percentage of purity. 
ods, and an additional two weeks of ye The changes in these three numeried 

aging at consti ant temperature and values for color, that were induced by 


Mure and 
pet te was allowed. _ Each ps panel v was weathering, a1 are the basic data on whi 
results of these tests were evaluated and 
results being recorded on stand: ard compared. A complete listing of the 
before cand after weathering values for 

the three color is gi 1 Table 


the data for the computation of domi-— 
e length, percentage of relative 

and. percent: ige of purity for 
each panel 
to be used in the 


factors is given in 


The five machines 


T he amount of percentage chi ange in 
investigation were examined for con- 


dominant wave length, relative ‘bright. 
ness, and purity was set down in Table 
- IV. It was now necessary to study ané 
interpret these data to determine how 
much: each v ariable i in the testing pro- 
cedure had affected the »esults in order 
to determine the effects «: machines 


of 


Effect of Col 


P-14la. This comy arison is given for 
the National Machines in Table I and 
that for the Atlas. in Table IT. The 


filtered water ‘used i in the machines con- 


32.5 ppm. calcium, 2.3 ppm. magnesium, 
lor.— he effe 
use of diffe rept colors as investigated 
the color that 
ed ‘the cuange in one machine 
would show least in all mac shines, 
irrespective of the surface on whieh it 
_ was applied or the method of application 


The data of Ts ible IV were subjected 


cht colors w were exposed in the 
m: achines, using both wood and metal 
panels, prepared by all three methods. 
Complete sets were not used in all ¢ cases, 
because of the space limitations of the 
‘machines. After tot xposures 


metric curves were again te aken, | 
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TABLE WV. —COLOR CHANG E E TO 300 HR. ACC ELERATED WEATHERING, P ER CE ontinued on 


Brush 


National 


1 | No.2 | No.3 | No.1 | No.2 | No.1 | No.2 | No.3 | No.1 | 


— 0. at | 0 
8 6 | 3.0 
03 | 0.3 


-50 


=> 


21.9 a7 | 366 | 
1| 68 6.9 
“Desert sand. 2.5 0.38 | 


29.6 15.8 5 | 
6 | 64.2 4 | 32.6— 


6:8 —6.7 | 

—68 3.3 —10.5 10.4 
—361 | —240 | —21 = 17 
| 0  —20.0 | —23.0 | —23.0_ 
o | 24! 303 | 45. 

ani alysis of rank, in wi whie h the and ths it the color a ‘ging the most in deviation between the results of the 
with the sm: illest hs inge wa as. giv en a ss machine cha anged the most in all five p: inels of each color was de ‘termined 

value of 1 and the next larger change a — machines, regardless of the method of iF for each method of application, The 
value of 2. an: alysis 0 of rank is preparation or ‘type. of panel usec = results ol ti: ained from each ‘color 
shown as Table V. average rank _addition, although no two > mac hines totaled and averaged so that a composite 
for eac th color for Re five mac chines was 8 ive identical exposure results in this percentage of deviation was avails able 
portion of the investigation, the “expo- ~ for each method of applic ation and each 

2 average © sure results for each machine were ¢ - type of panel. This is shown in Table 
more than one number, that machine sistent for that machine, in tha at 

treated the color equal to an average machine gave either a more or mes For convenier 


» the omposite avers 
machine, and this was considered as a re exposure on all colors | in 


age percentage of ian iation is shown in 
ation. he total of +h correl: a- ‘hine. herefore, five T able want. F his comp: irison shows 

ue tions and the percents age of eorrelation — machines could be adjusted so that th e tha it the spray method of application. 
of all colors in all machines was eale ‘u- exposure results for one color would be _ gives the be st reproduc ibility on the 
lated, and is shown in Table VI for equal in all ms chines, the exposure re- ~unweathered wood a al panels, 
each color factor, method of prepars ration, sults for any other er color ¥ ‘would be equal — whereas the dip application gives the 
and type of panel. his table shows in all mac ‘hines. After exposure in the weather 
that the colors exp | in the five ma- Method of - Application —The desired — ing m: achines, however, the dip method 
chines hav e the same gener: al rel: a me ethod of applic: ition is one which wit ee application shows the least increase 
other exposure in 87 to 93 _ least affect the exposure results. It was in devi: ation be tween the before and 
necessary to determine the v variation. of after results. _ This means that the dip — 
results caused by eac h method of appli- method of applic: ation furnished panels 


-eation. The percenta age average th at me: asured the. effects of wet athering 
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No.1 | No.2 | No.3 | No.1) No.2 | Rank Noa | 


Olive drab.. 
‘Light green. 


Dark green 
per cent 


| 


= RELATIVE BRIGHTNESS, PER CENT 


green. 
Desert sand. 


per cent..... 


Dask greem.......... 
Conformity, per cent. 


30) 
| 
No.2 | No.1 | No.2 | No.3 | | Nog 
| — 0.17; — 0.62 = 52 
5 0.4 0.7 1.0): 
27.30 16.7 | 13.6 | 26.0 | 287 | 260 
| 
co 
7 bee 
— 
‘ 
me 
me 
the 
_sta 
L 
2] al 
wy | Ave. | National Atlas Ave: 
No. 1 | No.2 | Rank No:1 | No.2 | No.3 | No.1 | No. 
February 1950 | Fel 
Pi 


| No. a | No. 3 Ray No. 1 | No. No. 1 No. 2 No.1 No. 2. No. 


— 


Ates 


0.28| 0.35 0.44 0.33) 0.21) 036] o.49 q 0.33 0.17| 0O22| 026) O17) 0.44 
_ 030 = 0.10} 0.69 — 0.68 o 0.17 2 90 Desert ‘sand 
5 29.3 | 33 8 | 39.2. 29.3 395 | .. | 13 | 39.5 | 35.6 | 32.6 | 61.3 | 19.4 Olivedrab 
0.36 2 |= 76 12 5 3.8 | 3.6 | 21.6 | — 4.5 we) 26.1 | — 2.5 “Desert sand 
| 33.0 | 33.0 | 40.4 | 30.0 | 30.0 38.0 58.0 | 53.0 | 25.0 | 45 o.| 48.0 Green 
1 | 67.5 | 70.0 | 99.0 | 76.0 | 59.4 | 41.8 | 62.0 81.0 poe | 469 | | mae | ee 
18 | | | 92 | 106 |—13.3 | 42.8 | 13.3 | Ollvedrab 

6.6 — 6.6 | —10.8 61 54 a7 | —10.8 | 11 |— 46 |— 0.5 Light green 
~11.7 22.4 | —37.7 | —18.4 | —14.6 | —29.4 | —23. —24.4 26.4 | — 59 | —26.3 | —29.7 | —26.7. | —41.87| — 6.7 

| — 4 —37.7 8 29 23.8 | —2 = 6.3 | —29.7 

—13.0 —16.0 | —37.0 | —12 | —27.0 |-27.0 | 18.0 | —10.0 | —23.0 4 |— 70 | Gem 
—1.6 | 23.3 | 666 | 656 | 40.4 23.8 8 | 93.1 | 45 + 34.9 | 486 | 32.3 | | °#£Dark green 


the more accur: ately since the in another. This fact 

mined color resulting from weathering are obtained using me t: 

affected by this method of application. ould: d be as valid: those obtained test s: were to the total num-— 

were | of Panel. —In Table the ‘using wood panels, and would have the ber of hours of actual exposure and 4 
were not measurably affected | the 


posite ‘variations resulting from the ‘effec ‘ts of additional advantage of supplying more — 


rilable | the ‘machine on the of panel are Teliab le results. Tn other words, the variation in the number howe 
leach | evident. Although unweather red change i in color would be caused by the exposure nor by other 
Table wood panels show ed ariation for mace *hine and not by the type of ps anal. exposure schedule. 


all methods of application than did the Re st Period.—The factor of “rest, 
metal panels, after weathering, the wood Summary of Findings: 


aVET- 


ywn this investigation — to dete rmine On the basis of the d lata ama 


periods” had received a cursory study 
panels showed greater vari: ition for all — v 


shows | methods of applic ation. This increas <=; whether exposure for 8 hr. a di ay or 20° and examined, it was found that re pro- 
cation | in variation after weathering shows hr. a day altered the results. T his ducible resu'ts could be obte ained in 
yn the the wood panels contribute to a sub- item is of importa ince because of the either: type machine used. Tt was 

anels, | stantial degree to the difficu Ity of ob- | different operating» procedures of dif- es stablished that the same general esults 


es the | taining reproducible results in weather- fe rent laboratories. In addition , the _ were obtained whether metal or wood 

ather- | ing machines. . It was evident that the days whic the exposures were panels were used, but that the metal 
1ethod | use of wood. would be unsatis- started were also noted to determine panels gav reproduc ible results; 
crease factory. the rel: tionship | of the wee *k-end rest and furthermore, that when primed 

and | Table VI shows that after exposure, period” and its possib le effects. The met: al panels were used, a dip application 
he dip. “the e relationship of colors to each other information ‘obtained regard to rest ; of the paint coating resulted in smaller 
pe anels was equal on wood and metal panels. periods was not sufficiently comprehen- variation in results than that t caused by 


The type of panel, therefore, hi ad not lve to determine definitely at brush or spray application, 


altered the oD of one color to Finally, it was established that, with “5 


TABLE V.—ANALYSIS BY RANK (Continued 


— 
National Atlas Avg. National 4 Atlas as | A Ave. National | Atlas | 
No. 1 | No.2 | No.3 | No.1 | No.2 Rank No.1 | No.2 | No.3 | No.2 Rank 


2 | 2 | 16 3 Loe (2 Desert sand 
3 3 4 3 5 3 4 Green 


.. | Conformity, per cent 


Olive drab 
Light green 
Desert 
Green 
Dark green 
per an 


3 | 8 
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TABLE IV,—AMOUNT OF CHANGE IN COLOR DUE TO 300 HR. ACCELERATED WEATHERING (Concluded). of 
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VI—PERCENT AGE OF CORRELATION OF COLOR. 


Methoil Wave Length, \D percent | perce nt their al le for hr., vat the 


4 

% Application expiration of which time spectrophoto. 
“Metal | Wood Metal | Wood | Metal | Wood Metal W 

_ 5 ae . _ Pane Is | Panels _Panels | Panels Panels | Panels) Panels ‘metric curves were again made for each 


92 | 100 84 89 _of the pane ‘ls exposed. 
| 92 ; 8&8 
"weathering conditions equ: differ- Met: al | pane els, measuring 3 by 5 in., used were the 17-3, 51-9, 102-18 
ent machines, for any color the changes —_were primed with a zine chrom: ate primer : — and 68-12. Choice of cams to be tested | 
would be the same in different. machines. :. and were allowed to age under normal was restricted to those which would give} 
conditions. The were the dipped approximately the same water to light 
ORRELATION OF THE | Two Typrs or in light green paint, specific ation itio as does the stand: cycle of tthe | 
:ATHERING MAcHINES T-1215, dried under r normal room National machines. 
and allowed to age for two In all tests, the were at 


weeks. Spectrophotometric curves were to a ature af 155 OF, as 


Since there w was no machine avail: able prepared for each p: anel prior toexposure 
TABLE VIL—PANEL REPRODUCIBILITY BY ME THOD OF APPLICATION AND TYPE OF ‘PANEL. a 
Weathering 


Metal ood 


Brush ‘Spray Dip | 
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use as a standard against w hich all 
the ‘other machi ‘ines could ha ave been 
compared, this j Possibility as a test 

method Ww di ycarded, The alter 
tive chosen involv red the exposure 
identical paint samples in all m: achines 
tested, for identical p periods’ of | total 
time. "The change in color as a result — 
of the exposure in the machines was 
calculated as delta E, and the delta 

+ s obtained in each machine on each 
panel were compared. The tical 
comparison yas compiled by 
— of variance (see Append ix), 


TABLE VIII.—COMPOSITE AVERA 
pea NT DEVIATION IN COLOR DUE TO 
* PANEL AND METHOD OF APPLICATION, 


Type of Panel |— 
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in accordance with the tested prac tice de- 
din the preliminary investigation. 


A listing of the before and 
after values for the three 


is g given in Table IX. 
An analysis of variancet as as applied, 
ith the dimensionless F value deter- 


caused by the error inherent in the test-— 


method. P were calcu-— 


mined for each machine. The F 


Ne 'PABLE IX.—BEFORE AND AFT! — — 
| | _______ 570.5 | 17.97 | 
mee | | Atlas No. 2—68-12 cam 3.2 
— 
670.0 | $70.0 — 
570.0 57 — 
a6 | 560.9 670.00 | 570.0 


Level of 
Signifi- 

cance 


A mong Na- 


Obtained in iiny’ one of the machines did 
not necess: urily compare with that of 


= 


An inspection of the results showed 


that, the 68-12 cam, the two 
~machines furnished results very close to I 
those of two of the National machines. De: 
Since the National machine that was 


at was 
lower in the amount of change proved to | e 
have an operating temperature 20 
low that of the other four machines, the 
erroneous results were caused by different 
operating conditions and were therefore 


discarded from this computation. 
The F test values after the analysis of | 


variance of the four machines, with: the 


12 cam in Atlas, show ed: 


| 5 per cent ie Vol pp. 289-293 (1941). 
| | if the National in which the oper: ating (3) “Philadelphia-New York 
_ temper: ature we found to be 20 ‘tion Club, Advisory Commit- 
‘Between Nationals......| 1.33 53 below the test standard is s dropped from Pai P -12 
Between Atlas.......... ¥ Paint,” Official Digest, Federation o 
consideration. It is believed that the "Paint and Varnish Production 
result | from the 68- “12 ¢ cam | does n not fall Philadelphia (1943). 
That is, there was no significant differ- tly on the Atlas perforn mance curve (4) Williams, ‘“‘Weathering Machine 
rating 


ence the four m: 


remembered, however, th: at delts a 
_ indicates ‘Magnitude, not the 
factors are 
ation. 
type of change, that is, ‘the weathered 
& values of the three color fac ge for the 


tablished as equive It shoul d be 


ALYSIS OF VARIANCE 
Them to correlate or ‘attempt 
show the difference betweer he two 
7 .~ ypes of machines or within these machines 


in their weathering properties is called 4 


nalysis of Variance. Briefly, the mathe- 


sco concerned are as follows: The 
_ hypothesis states that the various column 


neans, in this case, , the aver: age FE values 
or the panels in each machine, come from 
_ identical normal populations w ith the same 
standard deviation. If this 
_ hypothesis is true, then the same unknown 
factors which cause variations among the 


able It was noted th: at differenc "eS Conclusions: a, 
in dominant wave length \ were so slight 


.as to be measured in tenths of microns; 
percentage of rel: ative ov er- 
lapped completely 


the ational machines. 
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7 any other machine, irrespective of Was drawn plotting delta sid 
facture. “values for each cam versus the delta authors ere indebied to 


of the Ns ations als. 
cam 


give suc ‘+h an exact division was selecte 
>. his cam is the 68-12, giving 12 continu- — 
- ous minutes of water operation in every 7 
min. of are operation and prov iding 


such ec 


This cam furnished results identical — 
those obtain 


shown in Fig. 4 because the curve W as 


tion exists between exposure results| 
obtained in either machine and the 
length of time which the panels receive 


ent, then the hypothesis fails and it must 


“4 


It is conclud ed that the results ob. 
tained from accelerated Weathering 


: a in the National ( Carbon Xia and 


Atlas s Twin Are Weatherometers 
tionals.... 17.90 8.1 there was but one vari: in pere ent-_ ler tl 
late under the following conditions; 
““Aélas.....| 37.0 | 22 | 15.2| 7.06, 5.8 age of purity. herefore, the type 
| 28 | 90:2) 9.84 6.2 change in color and the “amount: of The paint is dip-applied on primed 
change in color were equivalent in all Metal panels, 
It was noted that the FP value for each mac ‘hines. machines are both operated in 
™ accordance with F ‘ederal Speci. 
_ of the cams tested for e "ac hofthe three 4 
fieation TT-P-14 1a, modified ¢ 
conditions was greater than the le 5 per Discussion: machine temperatures, 
cent level value, and there was, there-— results obtained with the 17-3, | 
fore, a significant diffe rence between 51-9 (ce) T he Ath as We: atherometer 
machines. In other Ww ords, the results an equipped with the 68-12 
not correlate with the results obtained 


A graph 


alues for the Nationals. ~The point o of 
intersection — indicated the theoretical — 
yroper cam for duplicating the results 
Since 78-14. 
‘(a total of 92 min. for ceranihiie 


Dickinson, R. F identon, and W Murphy 
their assistanc ce in this pr 

‘This i inves stigation v was conducted under 
the general supervision of A. W. Van 


cycle) did not div ide exactly into the | 
1440 min. in a 24-hr. period controlled 
by) ‘the cam, the nearest cam that woul 
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this fails the means are different or, in 
other \ words, the machines weather differ 
The procec dure for this determination i: 
covered in many standard books on indus 
trial statistics such as H. A. Freeman’s (7). 
Each of the various tests is described and 
formul: en for their use and applica 
4 There are two important problems in the 
of Analysis of Variance. The first 
‘ that the sum of the vs iriances due to the 
several factors must equal the total vari 
ance or the figures do not mean any thing 
and the calculations are incorrect. ‘The 
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machines would also cause variations 


the mac from: panel to pane vel. 
for these two 


a, If devi: or 
means re both ean be shown to be differ- 


The tests used in the ec alculs 1- 
tions are: the a and tests to 

normality, the to show similarity of 
the stands ard deviations, and Ft show 
similarity of means. The a and b, and Ly 
tests are applied first, and if the popula- 
tions are normal and have the same stand- 
ard deviations, the F test is applied. 
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= “reason for this is simply the f fact that the | 
variation inherent in the total 
~ must be the sum of the variations of each . 
5 f the factors studied, plus the \ varia ution 
due to the unallocable factors or the error . 
3 it can be called. This is an appli: ation 
~ the principle of psychology that the — 
whole must equal the suin of its parts. 
ame second problem is the choice of 
- which variables should be studied and how 
the break« down shou Id be made. As an 
uring this we athe 
ified ri) 
sures at | 
ter is 
control 
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1 under OR a number of years 


there have bee isolated reports of 
take valve failure. An ex: xample of such — 
a valve burned ‘in service is shown in- 
Fig. I. During the: winter 1945, sand 
1946, a marked inerease in intake v: ralve 
burning was observe ed in many gasolin 
powered vehicles e mploy ed in fleet ope 
ation and other heavy-duty service. 
The phenomena seemed to occur 
about the time when ie considerable 


“amounts of both stored : and catalytically 
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consumption. It has bee 

proposed that the release of these g: 
have been responsible for 


‘there is not adequate ev idence to estab- 
lish this. = he present investigation has 
on indus : been undertaken to study the conditions 
nan’s (7), “under which intake valve deposits and 
ribed and - intake | valve burning might be antici- 
| applic: & pated and what factors may be involv ed. 
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variance can be 
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ing experiment that not only were mi i- 
chines and colors affec ting the resi alts: but. 


~ 
the interac tion, of the two was 3 also a an im- 
portant actor. ‘The inte raction factor 
should not be lumpe 1 in with the error. 
In such a e: ase, replica ation of | ps anels would 
enable one to determine the interaction | 
effect. Also many times it is known that 
~ one factor in an experime nt does not make 
a significant difference and so its small — 


lumped ‘in with the error 


nta 


Study 


stuay 


y of | | 


ou rt 


y Co 


this paper is irgely a progress report 
the results obt: ained. 
The studies have elope along th 
“following outline: 


in intake valve burning, but 


the 


ke Vah 


term to make it more significant and better ; 
ble t to show meri ce in ¢ he fac ‘tors. 
a n in ther 

it. If ‘the F test shows there is a 
significant difference | among several fac-— 
tors, these factors can be taken two at a- 7 
time and the ¢ test will show if there is a_ 

- significant difference between them. In 
way, offe factors | 
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4. Effect of engine operating 


on intake valve temperature. 


Fig. 2. —Laboratory Used i in the Intake Valve Burning investigation 


Exploratory studies of the condi-— 


tions required to make a valve 

. E Sflect of fuel type on amount and 
character of valve fillet deposit 
and on valve burning, 


3. Effect of air-fuel mixture tempera-— 


and 


Procure 

wo-eylinde )-deg. V-type engine 
research 

“poses was employ during this investi- 


| 
— 
a 
out of the over-all — 
— 
i. 
Stati» | Fig. 1.—Intake Valve B d in Service. — 
| 
anything 


buretor was installed on 
in order that the amount and type of 

fuel supplied to each could be ontrolled 


independently. In addition, heaters: 


were applied to eac h induction — 

top permit control of the incoming air 
and air-fuel mixture temperature. "The 

engine tec hniques were employed. 

se included thermocouy eles for tem-— 

. perature determination, and control 
t back pressure, » fel 

ratio, and other engine variables 

Figure 3 shows a schematic diagram of 
‘tion system w ith thermocouples 
t TC, TC, and Ts. Heated 
= to simulate the manifold hot spot 
an automotiv e engine, shown at 
TC; directly beneath the carburetor = 
_ were later ret mov ed because they did not 
function to collect a deposit as  antici- 
pated. ‘The air temperature was meas-_ 
ured at and the air-fuel mixture: 


mperature at. the point TC. It is although fairly heavy fillet face 


realized that temper: atures recorded by 
these thermocouples may not be accurate — © 

absolute value. However, it is 
believed that the relative temperatures 
measured and can be 


: tS was found that, under this 


at T Cy will 


Pp 


The initial 
ade to find operating conditions — 
sak 1 burn intake valves in the labora- 
In this work no attempt w: as 
made tor res estrict the operating condi-- 
tions to those found in service because 
test engine cannot be compared 
ane 
direc tly with commercial engines. It 
was believ red, _howev 


ning under servic 
nitial ine luded oper 


found in service. Under these condi- 
ions, typical, although light, valve 
several commercial fue of a type 
thought to be ‘responsible for intake 
VE evidence ¢ of valve 


valve burning. 
burning was found in these tests. 
straight- -run distillate was: also tested; 

it was found to give relatively little 


deposit a no indication of ve 


‘ning. 
Further were made to 
_ valves by altering mechanical and oper- 
ating \ variables. AU ther mally cracked 
_ type 1 fuel was used for these prelimi- 


nary-studies, because some intake valves 


were reported to have been burned in 
servic a gasoline _blend 


(P56) 


order to alter” the amount: of blow- 


the intake valves to open a at 12 deg. 


These ce _ type, a better seal is actually formed as 


% ‘eee ling test, aimed at produci ing a ther- 
ma 


of Fuel ype: 


w as bel ved that 
“this is fi burnil 
us Tue woul induce burning aus 
the soft face deposit previous sly laid 
TO CARBURETOR HEATER do down, to bake, become brittle, and ut. 
FUEL MIXTURE HEATER 4 replenished, 
obtained during ‘this test, the results 


were encouraging, since the face de 
posits were baked to a hard brittle 


ie i _ to pursue this line of att: ack and attempt 
to ine rease the severity of the by 
; using a very clean fuel and increasing 
operating témperatures to abnor. | 
mally high values. This series of vests | 
Was extended by operating on isooctane ‘ 
at elevated jac ket and mixture tempera | 
tures. The valve was s burned 
"The test | proc: edur re being 


Fur 


ba” 
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ematic Diagram of Induction 

System Used in the Valve Burning duction 

— ‘No. 7, 2-Cylinder Test 


“till ate. tests were at this point in the i qn nv vestignt 

made using this fuel and operating fo lows: 

_ valve burning was observed in 70 hr., 


> 


temperature... F. col cookan 
ture. .180 F 
‘Exhaust back 


d 


eposits were obtained. During the 
course of these experiments, the valve 
_ timing was varied through a small range — 


wack through the intake valve port. 7 in. of mereury a 
particular 
ating conditions, maximum 


fillet deposits were obtained by setting 


ide open thrott 


temperature... .330 F. 

Air to carbure tor 
te mperature. . 270 
Intake valve.....Pinned 


T.D.C. (before top dead cer center). 
Microscopic examination of these 
valves indicated a' possible explanation 
for the negative results obtained. It _ 
was found that, although a heav y face 
deposit existed, it was rather soft or 


plastic in character. A valve overl: 
with a ¢ deposit of this type would not — the peculiar soft face ' deposit formed by 


deposit, evidently, therm: ally cracked ty] pe 1 fuel and the 


tended to heal over “immedi steely phenomenon of inducing valve burning 


any 
incipient blow-by areas. Further tests changing fuel types. This problem 
wi is of | interest because field reports 


ar 
indicated th: at when using a fuel of this — 
had been rec eived of inta ke valve 
= 


occurring in a certain few Vehicles 
1 large fleet. This fleet was using 

a Ast which contained a large percentage 
ol the thermally cracked “type 1 fuel 
Further reports indicated that the 
“driv ers operating the vehicles which 
were in trouble usu: ally: pure chased 
— line foreign to the br: and used at their 
home garage at particular serviee 
station midway on their route. It was 

- suspec ted that in these vehicles a soft 
valve deposit may have been laid down 
by the thermally cracked type 1 fuel 

component which was then baked to 
~ hard brittle deposit by the foreign fuel; 
was presumably followed by the 
valve e burning. 
Toc k this effect, which had been 
indicated in earlier w vork, an intake 
valve deposit was first formed on a valve 
by using thermally er: acked type 1 fuel 


- Of prime interest at this point. were 


the test progresses. It was believed 
that these valves could be burned'if the 
soft face deposit was baked to he urd 
brittle m: aterial by a change of either” 
“operating: or mechanics ul engine condi- 
Tn an attempt. to burn through this 
“fae e deposit, the exhaust back pressure 
"as ine ‘reased to 7 ‘in. of mere reury, the 
intake valves were pinned to prevent 
rotation, and the unit pressure on the 
valve seat was reduced by installing 
lighter spring and the valve 
seat width to in. The operating 
procedure was changed to include a 


These changes did not 


induce any ev idence of burning. 


Attempts were then made to burn 


- through the ae sit by operating with a a 


was, therefore, decided 
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la ge fleet troub led 1 intal ake e valve” — 
_ The valve burning characteristics f a 
r cracked fuels were also evalu = pata 
as found that with ae atalyt- 
cracked type 1 fuel, a brittle face 
deposit was obtained hich guttered 
burned. the valve in 47 hr. (F ig. 
The blow -by _ is definite and is sur-| 
7 rounded by le ad salts. The unburned 
face deposit was quite brittle and spalled 
scratched with a probe. 
fillet: deposit was extremely heavy 
Valve Ob: thermally cracked type 2 fuel was 7. Laboratory Valve Reburned with 
with Thermally Cracked Type 1 also tested, ‘and valve burning was ob- Straight- Rus Fool. 
Fuel. served in 65 hr. This valve e losely 
resemb led the va alve- burned with | the ‘ of effect. Each test was st: indard- 
photogr: aph of the v after catalytically cracked fuel. face’ at 20 hr. no attempt made to 
hr. operation, ig shown 1 in Fi ig. deposit w: is quite brittle and was accom- the valves, _Theas sumption made 
Note the “heavy fillet deposit. The panied by a heavy bulbous fillet deposit. was that the time required to burn the 
face deposit was typically soft with no T he valve d pend 
blow-by area in evidence. Blow- -by was 4° brittle hit et deposit. 


this face as shown in Two curves illustrating the effect 


hr. on the st raight-r un fuel. he blow-. dy ~~ giv en in Fj 1g. 9 hese show the amount 

was then healed by operating for a = hese two curves, 
period of 22 hr. wth therm: ally were from t he two cy linders 


Fig. 5 by operating for a period of 127 -fuel_mixture temper: iture are 


shown in Fig. 6. Following this, illustrate quite ‘Il the extreme 
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Lee | of one engine it in the same series of test 
cracked type 1 fuel. The healed face is 


run distillate was again f¢ fed to ating | of 
engine and after 60 hr. of opera ition, = experimental data, even le same 
“engine under as nearly identical operat- 
‘The | to left of 7 "Phe data f 1 
These tests demonst ite that with Burned Laboratory suc 
Valve Healed by Thermally Cracked Type intake valve deposit obtained follows the — 
‘occur: under conditions general pattern, giving the maxi- 
mum amount of deposit at about 
“though 2 heavy vi alve deposit may be to 200 F. air-fuel 
obtained. When different. “fuel is “these t to i air-fue ure. 
2 » » r 
used, the character of uplicate series vests do no 
formed valve deposit is ch: unged and rn \ 
“seems to involve the formation of 
e avy on the valve fillet 


‘some point on the valve face, thedeposit 
must | become brittle and then spall. y 


overheating 0 the vi alve, ond "this 

sults in inc ipient burning, guttering, 
and finally in com plete failure. 


Effect of Air-Fuel Mivture 


4 erature: 
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earlier work it was s found tha at 

the amount-of de »posit obtained on the 

ies ake valve fillet seemed to vary with | 

a the air- fuel mixture temperature. An 


Valve Deposit series of tests was made with a 
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Thermally Cracked Type Peel Burned thermally cracked type distillate 
— Run Fuel. evalu ate systematically the import: ince 
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‘tion in the inti ilve temper: 


caused by slight changes | in unknown 
ariables.— each— _ Series 


“The that there. was a par- 
‘tic ular mixture temperature for maxi- 
mum vi alve deposition rais sed the 
tion : as to why the deposits decreased at 
higher temperatures. Certainly oxi- 


dation of the gasoline in the manifold — 


"decreased rather "should be greater as th temper: ature 


alve Fillet rome 
ata 
increases, if this were the 
— factor, the deposits would not fall off at 
high temperatures. T his reasoning led 
to the belief that the intake valve sur- 
face must become sufficiently hot at the 
higher mixture te mperatures to to prevent 
deposits from adhering. ‘It was there 
fore decided to conduct a series | 
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-todetermine the effect of engine operat- 


vari ables on valve temperature in 
“onder to permit independent vari: ition of r 
“then mixture temperature and_ the \ valve 


temperature. If this could be done, it 
believed that the separate effects 
of mixture te mpe rature and y alve tem- 
could be evaluated. 
wy thermocouple was dev eloped to 
the ‘lative surface t temper: 
_ ofthe v ive fillet and a number of expe ri- 
“ments: made in which engine variabl 
"were . changed, one at a time, throug] 
reasonable range ‘t 
valve temperature obse rved. ‘are Was 
‘taken to allow the engine to reach equi- 
before each reading was 
corded. 
Tt can be seen in Fig. 10 that the i in- 
take valve temperature varies directly 


OS 
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J 
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with speed. This ‘temperature also- 


varied directly with engine 
shown in- Fig. The tight- line 
relationship of these two curves is rather — 
‘striking. The effect of evlinder c coolant 
temperature is shown in Fig. 12 to be — 
negligible; this is rather surprising and. 
possibly a peculiarity of this particular 
engine design The air- fuel 
temperature (Fig. 13) shows a more or— 
less linear "effect on the intake valve 
ee. re. Ignition timing, shown 
in Pig. 14, effected : 
crease in 
ignition was 


= 


consider: able 
n “temperat ture. As ‘the. 


as - advan anced from 2 deg. to 


82 deg., the valv e temper: in- 


over is interesting to 
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6. Effect of Exhaust Back Pressure on on Intake Valve Fillet t 


‘valve temper about 12 5: 5:1; 
above this r: little. change in 
perature was observed. The effect of 
exhaust back pressure (F Fig. was to 


produc only a slight increase in tem- 


perature of the valve, 
This last work has only recently been 
completed : and data regarding the rela. 
effec 't of intake valve temperature 
and air-fuel mixture temper: ature on. 
intake valve deposits hi ave not been 
tained. 
 ) rom the « dataysome gen gener: ral cone nelu- 
_ sions have been drawn with respec t tothe 
~ effec t of g gasoline type and engine oper at- 
ing conditions on intake valve burning. 
ee A set of conditions was found for 
this laboratory engine which gave signifi- | 
valve deposits and evidence of valve 
burning with various gasolines, 
‘urious phenomenon | of incipi- 
ent valve burning and healing was ob- 
served, Thermally cracked type 1 gaso-— 
line gave a fairly heavy, quite plastic 
and fillet 
burning. Blow-by could be induced 
through this deposit by operating with 
a ‘Straight-run fuel. further: 
monstrated that this valve could be 
led by operating again with soft 
_deposit-forming thermally cracked type 


3. Thermally 
eatalytically cracked type 1 fuels: gave 
fac and fillet and read- 


AS previously stated, ‘this 


t deposit, but no evidence 


fuel. Blow-by was re ‘induced with the 
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4 maximum on ‘the 
to occur, under conditions of the test, — 


approximately 150 to 200 This 


temperature was critical, the deposition 
decreasing rather sharply when operat- 
above or below the optimum, 


resent Status of the W WwW Vork: 


ing 


The investigation being di- 


rected toward rechecking certain of the 
observed effects and to obtaining data 
on Vv: alve deposits as affected by induc- 
tion system and valve tempera- 
stitutes: only progres re port setting 
forth ds iti 1 and cone lusions as they have 
found to date. This probl lem wil 
require a a considerable amount of addi- 
tional study before final conclusions 
Po drawn. Iti is realized that the results: 
sported here are fragments in nature, 
but it is hoped that they may be of value — 
— in suggesting factors which m: ay ¢ on- 
tribute to the recurring phenomena of - 


intake v valve burning. 
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Effect of Air-F' — 
ke Air-fuel ratio, shown in Fig. 15, Investigation of the effect of air- 
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‘empera- 
hot change abnormally at the most 
advanced ignition timing, at which 
the engine was detonating rather —_the catalytically cracked fuel appeared 
— to be the most brittle, 
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This test really means as 

to the quality of felt, especially felt pads — 

and back checks, because it measures _ 

not only the staple length of the wool — 


covered has little relation to felt as used 
either A.S.T.M., 8.A.E., Felt Asso-— 
ciation, or Government specific vations. 


3 Any thing that might serve to clarify the 
line of demarcation betwee n felt and 


into the 


actual felting which is 


ir nterp retation 


, the felt user 
will wet out the cut felt part in oil for 
mechanical or industrial purpose. 
Of course, in the case of felts for 
water: wicking, clothing purposes , and 


uses es where staining may result in con- 


used to make the felt, but also of the tact with» white ms aterials, the oil and 


greas se content figures, | as represented by 
bon te 
the carl on te 


an. the the felt, 


hence the need for a ms aximum limit. 


> 


Matter: Soluble i in Water: 


weight of that can 
extrac ted by the laboratory treatment 
of fe with “successive washings with 
boiling water Tepresents the so-called 
ater-soluble” material. Such mate. 
~ rial may include residual so: Ap, Sizing or 
stiffening, such as starch and glue, some 


ae 


tre achloride matter, 


feltlike products should help the average 
consumer to purchase and use the felt 
best suited to his purpose. to to prov ide the felt- 
We all deal with specifica ations for felt, ing property to raise splitting 
most of which include various tests -‘Tesistance. 
methods for determining test figures. 4 Test: 
none of these spec ifications is there ul 
; any explanation of the reason why suc ho ° At the time ‘lita: felt testing was 
such tests and test -Tequirements | have — set up, there was a textile practice on silk | 
; been set up or what purpose they serve. — fabrics of tin weighing. It Ww as and 
. ; Many consumers may also wonder what still is the practice to use C hina clay a 
fi 2 3 is the value of these tests and what they 7a ” tale, and chalk for the weighting of 
to do with quality gotton goods. All of these compounds 
@ As we all know, there are sev eral aie st show y up as a residue when the textile 
of laboratory tests. One is 
so that a purchaser is sure that he gets © 
the same item from var arious suppliers; 
another type is a test having. something | 
to do with the ultimate or end use of the | 
“felt or thefe lt part. T ‘he original quality 
requirements for felt were set up at least © 
30 years ago and were simply an adapta- - 
tion of test controls that were used for 
textiles in general. They have since 
been expanded. 
Cy, 
Breaki ing Strength: 
arns and cloth that time were 
tested for breaking strength, and this 
‘requirement was tacked onto felt, de- 
Spite the fact that felt i is seldom 
* here it is subject to a stretching action. 
As the years went by, the inadequacy of 
_ & breaking strength test was recognized 
in the felt trade, and a further stre ongth 
requirement was added, namely, split- 
resistance. 
‘Y Splitti ing resistance is the amount of 
4 resistance offered to the tearing apart of _ 3 
g the felt when it is split through its 
middle section, in other words, slicing 
- into the center of a piece of felt subse- 
NOTE.—DISCUSSION OF THIS PAPER IS 
INVITED, either for publication or for the atten- _ 
tion of the author. Ad iress all communications 
to A.S. M. Race 8t., Phila- 
1 This paper was cee at the meeting of 
Subcommittee A-10 on Felt of A.S.T.M. Com-— 
mittee D-13 on Textile Mate Detroit, Mich., 
October 98, 1949. 


Chief, Research Development Depart-_ 
The Felters Co., Millbury, Mass. 


atur: ral pe rspiration extract, Wod 


fibers present in cloth or felt are burned 
away or ashed. The ash test was in- | 
to prevent adulteration and false 
weighting, and to insure that the con- 


sumer got wool or cotton fiber where 
he desired it. 


Matte r Soluble in in Carton Tetrachloride 


This test replaced an original double 
requirement which called for separate 
tests for alcohol and petroleum ether 
soluble extractions. . Carbon tetra-— 
chloride soluble extract is residual oil 

from necessary picking and carding 
operations in felt manufacture. Such 


4 


 “suint” from the sheep’s wool used, and 
residual d dust and dirt. Here again the 
excee ding of allow ed amounts by 05 
to 1 per cent should not cause alarm 
to a customer, because if a felt mane 
ere intentionally ad ling suf 

ficient sizing or glue to weight his prod- 


oun the figures would have to Tun up 


‘< or exceed allowed amounts: by 3 to 
5 per cent, to mi ct it worth Bape to 


WwW ool Content: 7 


term needs little 


oil is not intentionally added as an except to say that we should discourage 
adulterant but is employed | to insure consumers from using wool labeling 


against fiber” breakage during manu-- 
facture, providing the consumer 
with the best value from a given com- _ 
bination « of fibers. Carbon 
ride soluble matter also includes residual — 
natural wool grease, left from the scour- | 
ing of the wool. “Such wo ‘ool grease is 
way harmful to machine poate, as 


the like under name of 
« _ The basic reason for r setting a maxi 
mum in the amount of carbon tetrachlo- 
tide soluble matter is simply to prevent 
‘the manufacturer weighting hi 


ome ‘thods is entirely different from 


ure felt. Ma 


figures as a control for wool content, or as 
a specification for purchasing felt. 
W ‘ool content by prescribed felt. testing 


trary figures giving the actual percent- 
age of used, reprocessed, and new wool 
th it any particular manufacturer might 

_ employ in making a given felt. Many 
combinations of various. amounts of 
_ these types of wool can be used to manu- 
Manufacturers | are It 
quired by law to w vool label felts. . Such 
wool labeling is used to prevent misrep- 
resentation of fiber content in the end 
retail selling, rather than to provides 


formula for — fiber 


of our consumer compl: aints that, 
Er be 0.5 per cent excess of such solu- — 
ble over ‘the specified amount would 
‘seem 
affect the wearing qu: ality, or some 
property of the fe 


to indicate that the oil might 


products in making felt. 


Tests for End Use: : 


q 


Methods of test for end “Uses 
rather than quality control in general 
_ are touched on but briefly for the reason 
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nd uses, 


that all tests vary with the 


and his requirements. 
For example, tests Sia, 
, machine, as shown in A.S.T.M. 
dD Methods for Testing Felts (D 461-49), 
ean be be applied to the thinner, firmer 
felts. Many of the thicker felts are not 
—guitable for reproducible burst tests. 
all such cases the tare diaphragm 
pressure is important. he primary 
field for use of burst tests: might 


be that of filtering felts. 
Other tests which are siroih arly ‘limite 
a their application to s specific uses of 
‘felt inclu le the tests for moisture resist- 
ance, mildew resistance, oil absorption. 
wicking, shrinkage, wash fastness, per-_ 
piration and light fastr stness crocking, 
and permeability,” or resistance to the 
passage of air. Many specific tests” 
having to do with. end use never will be- 
of sufficient general interest to warrant 
committee work and are better deve i 


by the individual consumer. oe 
oped 


Teas for W oven Goods: 


It migh t be to see how 
several tests that are used on other 
fabrics w work on felt, and why v we have to 
have special felt testing methods. 

In the A. S.T. M. General Me thod 
Testing Wov ven Textile -Fabries | au 


the filling, as may Felt 
has no yarn structure. Hence when 
- this test is applied to a sample of felt we 
get a tearing effect to one side, at right 
angles to the tearing forces involv ed. 


This reveals nothing as to the qu: ulity « of 


For the same reason the tongue. te ee 
test does not apply tofelt. 
Felt Tests N Necessary: 


Due to the wide range range of 


inwhich felt is m anufactured, it is neces- 


sary to hs ave different considerations 


when testing | the thinner fabries such 
as are used for clothing and -uphols- 
tery. Thus, in some mechanical uses, felt. 
may be subject to a shearing force or 
forces in which the cross-section becomes 
a dimension fully as important as to 
—* and stability as the lengthwis 


Book of 


1950 


surfaces of a sample are adhered to 


crosswise din der ultraviolet light, at various 
strength. eee ufacture to trace travel of fiber, — 
A test for resistance to shearing widihie - loc: ate expe ‘rimental lots, to identify 
_be considered in which the two face face a and bask construc tions, and to a 
measure e the tendency of various, fibe r 
fe It construc tions to — to the surface | 


> 
in using suc h a means 


jaws, or adapted jaws, and subjected 
to » a tension pull producing a shearing 
 foree in the plane of the felt. Such a 
_ test is suitable only when the adhesion to 
_ the jaws is greater than the shear resist- 
ance of the felt, the basis for this type of pert rmanence the lessening of bien. 
test is given in A.S.T.M. Tentative in judging or processing of s sample runs ‘ 
Me thods of Testing Rubber thesives— The use of fugitive stains in marking 
~ Method B. Adhesion Strength in Shear sample runs is improved upon because 
816-46T).° Table I shows the rela- identification of white materials can be 
tive strer ngth of a number of felts as to the finished sts 
tests made to whereas colored stains are removed in 
7 , some intermediate stage of processing. 
ME tively inexpensive. ‘ompounds are 
— applied from wi ater solutions, rathe 
‘than solvents. Identifying ultraviolet 
bulbs eost only a few dollars. There are 
possibilities of applying such compounds 
during carbonising or as an treat- 


Test 
Results 

of 

Face 
Area, 


Width 
of 


ness, | Strip, 


Face 
Are 
Be- int 
twee n 
Jaws, 


In, Sq. In, 


Samples: manufactured tot take 


from one plane or laminate into another, i 


: af Another similar type of test, bringing although in reference to this particular 


into pk ay shearing and other “forees test the penetration was by no means as 
employs a cut-back specimen in wide expected from 


half of th extensive as would be 
_ one half of the cross-section is cut away general statements to be found in the — 


on opposite sides at each end, leaving a = 
PI = literature, or from splitting tests run 


center of specified area in full. before and after felting, 
4 thickness. ‘Tens sion is tl then applied in By the fluorescent treatment of 
the pk ine of the cut sections. given component of w rool i In ‘a blend, the 


efficiency of blending and also of carding 2 


bi Such shear tests are unique for a tex- 

: as felt is one of the can be evaluated. Such s study might be 
_fabries that has no yarn structure, out carried further for research in evaluation 
of the felting of batt formations made — 


does possess internal stre ngth, 
_ by air laying in which there might be no 


or cohesion, is manufactured in 
thickne sses up to one inch or more. _ laminated carded webs. . Rese: aeeh: study | 
of the cause of splittiness i in cross-section 


of thick k felts is also possible with this 
technique. fluorescent whitening 
materials have good fastness to acid 
alkali and withstand the 1 usual 
chemical processing encountered in the be, 
manufacture 


testing, a few observations on the po: possi- 
bility of using fluorescent, or ultraviolet : 
light activated materials, may be of i in- 
terest. White wool may be dyed or 
treated with such materials, which are 
invisible in ordinary light, and added to. 
untreated wools in desirable proportions, 
previous to fe It manufacture. Such 
fe may then be examined 
.T.M. Standards, Part 6. 


organizations as A.S.T.M. that their 

possibilities can be brought to ouratten- 
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the Nature 


iscussions Concerning 
| atigue, an eview o Some of the ou equent ese $] 
Concerning the Mec anism fatigue 
a This introductory paper consists of two parts: '@ tog - points) was broken at the twelfth time eof 
A description of a meeting of the Institution of Mechanical Engineers bending... ag 
sirmingham, E ingland, in 1849, where the nature of fatigue of metals is under ie 
dise ussion. Some comme nts are also made the gener: al state of He: also offers ice which if heeded 
know lec Ige of mechanics of mate at that time. could have many a failure 
A review of some of the subsequent ‘concerning the of > 14 since his time: 
fatigue. This includes a discussion of early work concerning the nature of fa- 
me tallographic studies, work with single crystals and aggregates of «all my ‘experie nce 
crystals, studies with X-ray methods, application of electron microscope, desirableness of maint: uining ... (journals 


of axles) as free as possible from ry 


research at elevated temperatures and with nonmetals into -onditions govern- 


j = 
_ ing inter-crystalline trans-cryste failure. 


1849 r experience would seem to prove 
that, even wit 1 the greatest care in manu- 
largely about whether or not the struc 


facturing, these axles aresubject toa rapid 
deterioration, owing to the vibration and | 
- jar which operates with increased severity, 
on account of their peculiar form. So cer- 
tain and regular is the fracture at the | 
corner of the crank from this cause, that 
we can almost. predict in some classes an 


ago, Octobe 24, 1849, we 
fatigue of metals being discussed in a 
meeting at Birmingham, England, of 
Institution Mechanical Engineers, 
, incidentally, had been in ex-— 


ture of a material changes when sub 

jected to vibration . There i is consider 

able difference opinion among the 


The Chairm: Robert Stephenson, 


istence but two years at th: it time engines the number of miles that can be 
before signs of frac ‘ture are visible. * McConne ll has expressed a strong 


_ “The question of deterioration of axles 


arising from various causes, which I have | 


The distinguished Robert Stephe iii, 
econd President® of the > Institution, 


opinion, that a change takes place from a 
fibrous structure in iron to a crystalline 


occu upies the chair; pa uper “On R: enumerated, is a very important one to all during the time of its being in use. Tt 
“way Axles” (2) is being read by Mr. railway companies; that some change in be satisfactory if « an | instan¢ can be 
the nature of the i iron does take place isa pointed out where this ch: ange has oc- | 
James” E. Met ‘onnell, Locomotive Su- 
po the North well- established f and | the investigation eurred. _I have not been able to satisfy So 
tern Rail of this is most deserving of careful atte myself from many experime nts that any | me 
— “T believe” it will be. found that the bin 
from the fibrous to the crystalline Mr. -Archibak Sl: te, Birmingham 
character is de ndent upon a variety of Patent Tube Works,’ 1s interested i in the 
INVITED, either for publication or for the RIS circumstances. have collect d few per rfor mance ‘of rods, and de me 
tion of the author. Address all communic ations — “4 specimens of fractured axles from different ibe | | lered a fatig ay 
ASTM. H - . seribes w lat may be consi ered a fatig ue | 
& teadquarters, 1916 Race St. points, which clearly establish the view no 
Philadelphia by testing machine. | . nfortuns ately he ce 
1 Presented as the introductory paper at the vhs ive stated. It is impossible to em prac ee lid | k ae sf . 
in the present paper an exposition of all not brea any tes st specimens sinee iis 
1949, at the First Pacific Area National Meeting, _ s 
San Francisco, Calif. = 4 the facts on this branch of the subject; his tests were evide wepd ata stress level - 
Chairman of A.S.1.M. Committee E-9 on but so valuable is a clear understanding of far under the e ndura t.) 
house Research Laboratories, East Pittsburgh, the nature of the deterioration of axles, vot 
I am now registering each axle as it A short ti 
original members were 70 in number; in ut “an ine +h square op] 
one of the requirements of membership was that from the workshops, und will en- I 
4 being ‘‘managing-head of an establishment -deavor to have such returns of their per- -_ - jected to a constant strain of 5 tons and an Ten 
where engines or machines are made oremployed.”” > ‘ 9 Bir 
eminent mechanical engineers might also be pn periods ‘as will enable | me to judge r respect- nately raised and lowered by an eecen evE 
ine th t. Whe Gis econ- 80or 90 times a minute. This motion was hi 
* The boldface numbers in parentheses refer ing their treatmen 1en it is _con- pul 
* the list of — appended to this paper. sidered that on the railways of Great ~ continued for so long a time that I con- tra 
* George Stephenson, the ‘Father of Railways,”’ eqn: > - 
was the first President. Next to George Stephen- Britain there are about 200, 000° axles” sider equal: to the ect of 9 90 years "rail ] 
his son easily as employed, the advantage of hs iving the Ww ay working, but no c hang wh atever was 
the pioneers of the railway system obert was re se 
oo ~ largely responsible for the design of the famous best proportions, the best qualities, and _—iperce sptible. Tam therefore one of th str 
Rocket'’ whose performance at the Rainhill the best treatment for such an important | _ who does not believe in a change from a 
trials in 1829 definitely established the position of | ‘kt fibrous to a crystalline structure in cal 
soon gained a reputation as a railway engineer Ble am 
- second only to that of his father, after whose owe tur 
_ death he rose to the same unrivalled eminence. _ 2 
Robert Stephenson became famous for the bold- 6 discussion of 
‘ness and excellence of his bridge building. He _ "seeps two pages of the I.M.E. Proceedings, 
was a Member of Parliament for twelve years, | was - pp. 22-25. (I.M.E. discussions % | 
elected F.R.S. in 1849, and was President of the are recorded in third person.) a Ro 
Institution of. Civil E 56 and 1857_ 7 Archibald Slate was also first of the 
ASTM. BULLETIN February 1950 | Fg 
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Mr. John Shief Eng ined “a piece of iron called. crys stalline, tests was not fully appreciated at 
peer of the London and North Western a piece of iron calle fibrous” ‘under time. The well- known inv 


of Fairbairn (12) and Wohler (13) were 


“Railway, believes that a change takes | 


“place and comments: probably surprise the to ‘know to come later. 


that no real difference « cou'd It. of interest note that the 
parallel ‘might ceived, te am engine and its application to 


reference to an ash stic whic hif doubled The direct effects of repeated str: pumps and loe omotives introduces 


break with a fibrous fracture; if ge were not to be observed. microscopi-- dynamic re loading of a magni- 
subjected to vibration, however slight, cally for another half century. The e not. experienced previously 
munning through it a great number of ‘Sti atement of Robert Stephenson did not machinery strue tures, with the 
times, it end the discussion by a any means. Mr. = that fatigue failures occurred 


‘Conne sts ited th: it an alteration service; this field experience led to 


h Chairm: in, Robert Stephe took place in the qui ality or condition of early work indicated above. 
‘always "intervenes fc for the; second of f three | times, ‘the iron as Was manifest from a great. ail The approach was therefore : an engi- 
Pposite -tooffer sound advice: abund: ance of evidence; and he thought hee ring one . intended to answer prac- 
ter that it would be a decided improvement tieal questions. s. The first main facts 


; might have been discovered by means of | 

—abstre act inves tigations of the effects of 

loading. on materials conduc ted 

e ntirely along scientific lines; such a se- 

- quence was ev idently not responsible for 


“Tam only desirous to put the membe ers if they would adopt some other word — 
their guard against being satisfied wit ho which coul | express | the quality or con-— 
incontestable evidence as to a dition iron: in its (brittle) sts ate: it 
r ch in iro on, the subject is iS was clear that a change did take place, 


making that which was originally tough 


‘ingofana brittle. opening the field of fatigue of metals. 
itque xstionable whether or not the engineer 
ra Cae superintendent would have a ve rdict ~ One might ask at t t this st: ige why the —s In view of this circumst: ance, consider- * 
: of manslaughter returned against them. writer r has devoted so muc h space to the able imports tance sho houl d be attac hed to 


The investigation hence requires the arly Institution of Mechanical E ngi- meetings whe e xperiences are 
“greatest caution ; in the present case neers meetings, since no cone lusions or viewed and discussions take place aimed 
«ial there is not evidence to show that the axle 2 direct results, seemed to hs ave been ; at- = at interpreting and underst anding serv- 

strue | fibrous” be but crystalline tained. These » are not even the first ice behavior . This comment is mean 

there fore wish dise “ussions of the subjec F he cen- to apply t to our meeting today as well a 
with the tennial a aspect is, of course, interest, the one a aeentury 
ng the “pause at the more important is the fact that these is a pleasure to note that airpl: 
that iron is a substance liable to eryst: mee tings were ¢ ‘hi are reterized by rs are partic ipating in ‘this pres- 
henson, or to a molecular change from vibra-  tieularly: spirited discussion which was session, and it is hoped that the 
‘tion, ‘arefully documented. — It shoul 1 be diseussion will be as wide open as was 
This s followed Mr. McCon- “noted that, the fatigue of meti als the case a century ago; and that we 

a strong field, the conce pts which we now so will also admit what we not know, 
“nearly incontestable evidence of the “readily accept as self ev ident were not with the idea of starting investigations 
ystalline 


truth of my position.” ; After mee ho easily gained. — The element: ary facts of to understand whi at we cannot now ex 


more discussion, the meeting ends, fatigue of ‘metals could not be forth- plain, 


=) 7 
leaving the “question far from settled, “4 coming until systematic tests were made 


So much, then, for our looking in at this a = if ests of James and Galton | had 


use. It 
can be 
has oe- 
satisfy 
any 


neeting 100 years ago. been carried out for the * ‘Tron C 
but the signifie ance of these, 


The discussion along the foregoing 


thy meetings of January 23, April 24, and See, (S, 6, 7,89. 10). The question of “erystallization,” 

October 23. ‘(the ‘Institution hel Nasmyth, famed inventor of the “under discussion a ce ntury ago, Was not 
ind de hemmer, in a lecture in 1842 (6) stated that * 


meetings lly at tha it time). It locomotive engines the axle was the chief point ot omple clarified for a long time. 


not w > g ail con- danger; and it was therefore important, both asa 
t orth while to into: det ail ¢ con scientific and pre actical question, to determine the le ide as were not asily dis arded: 
cerning these discussions; only | it had been thought t that: magnetism" 
the circumstances of a locomotive axle. Experi- 
= was the only way to discover this, and he 
and the other technic ally significant. 
similar circumstances; but the short time inter- 
Mr. P. R - Jackson suggested th: since the subject had come before the 
mac hiss. Woe of those prese nt be t taken as to” opinion was, that the alternate strains in opposite 
directions, which the axles were exposed to, 


fatigue 
tely he 


nature and habitude of iron when placed under — 

discussions will be noted, one 
would have wished to place iron under exactly 
_ Section had rendered it impossible todo so. One 


bar opinion arding the ram: rendered the — from the of the Mr. R. L. Templin points out that conside 
's and an remains 1 brous 0! or bee ecomes ery sta ine particles over each other. To illustrate this, Mr. able mis = , a 4 
—Nasmyth took a piece of iron wire and ber le misunderstanding still exists regarding 


erystallization.’’ He felt that a notable educa- 


ns, alter- 
j tional contribution was made by the National 


cinder vibration. he chs airms in, how back and forward; it broke in six bends.’ 


ecentit | ever, was equal to the oceasion and re- was im America, ‘Standards Letter, 
tion Was plied | that sue he a vote” rout be co yn- comments “Notwithstanding the many fashion- i 1926 by Le 
it I con- able hypotheses in relation to the wearing out or 1937 
trary to the | pre ‘tice of the Institution. ultimate noncohesion of the particles of iron in 
‘ars railroad tracks, by weight of load and linear “The rapid rotation al the axle produces a 
ever was r. P. t. Hodge remarked | (3) that: impingement, still it was clearly shown that by powerful magnetic action, while the friction 
ses much heat; d th ffects, added to th 
of those | © arrive at any true results as to the | practical results, stated at these conversations, Causes 


when a rail was of sufficient width and thickness, § Constant percussion which is produced by the — 


"structure of iron it woul be nec essary - = impingement of the wheels did not deteriorate peculiar motion of railway wheels, cause crystal- a 


e from quality.” lization to be produced with extreme rapidity; 
in in the aid of the 9In 1847 7 a web. appointed ‘“‘to being probably further in the 
amine Ss rvs s inquire into the application of iron to railway © axles of locomotive engines by the magnetizing 

tine the fibrous and rystalline st strue- ore * In aoe connection Captains James | Power of the electricity generated by the effluent 
ture, and Galton made a variety of tests including some steam’ from paper by Charles Hood (F.R.A.S.) 
a - This lle h repeated stress tests. The Commission report oo Inst. of Civil E mg. (1842) (7), 
roceedings, is exce ent suggestion, whic 1 seems was pub lished as a government document in BY: M. Francois and Col. . Aubert in their report to 
re % obvious to us now, we as pursued by 1849 (10a). The results were not published by the French government concerning axle failures 
rea } James and Galton before a technical society. attribute the crystalline appearance of fracture to 2 


Robert. Stephe ‘nson ‘who reported (4), 
that he had since the last meeting exam- 


The main findings were, however, mentioned by ~ 1M magnetic and electric changes in the molecular | 


tary of the 
y Bae in 1850 (11) and discussed in more detail © structure of the iron caused by frictionin the bear-— 


in 1864 (12). ings and great velocities’’ (8). 


AST M B 


— 
ot 
Nes | tt 
vie 

4 
— 
ii 

7 | | 
heeded 
failure | 
— 

4 

— 

— 

vi 4 

7 
— 

— 


was a factor, that “steady y load would between Rosenhain of E 1, Os ce: fatigue 
“cause deterioration of a member with of France, and Heyn of Germany . failure will not occur, Although fatigue 


time (14), that loading ‘velocity | (15) Further “research with the aid of the failure is more complex than. is repre. 
_ _ would explain the mysterious serv rice microscope was carried out by ‘hong - sented by Orowan’s model yet the basie 

failures, that repeated loading induced and Hanson (21) who coupled precise mechanism which Orowan- Proposes 
pe srmanent sel (16), ete. ests (statie and fatigue) must certs ainly form a part of any ade 
While we have mentioned, in with observations under high megnifica- description of fatigue failure, 
title of this paper and elsewhere, early tion. It was show: n that slip lines occur: As we have noted, certain slip lines 


discussions of fatigue, this name was snot under the e el endurance limit and in some ev ventu: ally become separations or cracks 
used at first, Lut instead the phenom-— ¢ ases even below the proportional limit. ~ One or -more of these minute sources 
“ enon was more apt to be called “erys- Research on the fatigue of eile A starts to spre: ad and this de levelops into 
allization 1 due to vibration” or to some” ils was started by Gough and his” gr rross crack which, in general, meanders 


other vause, such as mentioned above. ¢o-workers (22) in 1923 and extended through the grains in a zig-zag fashion 


The term “fatigue” was first introduced — over the following ten years (23) . This in an average: direction normal to the | ™ 
into the lite rature in 1854 by covered such materials alu- “direction of ‘tensile stresses. It 
w rite (17) who said that the term had» - minum, iron, zine, silver, antimony ,and be remembered, however, that although | 
suggested by bis smuth; in most cases single | eryst: als the fractured surface generally followsa J 


might be expected, this ne term tested, but in a few cases groups “normal stress field, the 
brought forth discussion as to its ap- __ ofa few erystals were contained in a test —_ source of failure is due to shear, 
propriateness- (such discussions are still section. These inve ‘stigations were Indesign i involving combined stress 
forthcoming). Braithwaite replied that terized by X-ray determin: ition of shear theories are used, ¢ either the maxi- 


he merely adopted Mr. Field’s term be- the lattice orient: ition w with respect to shear theory or the shear- energy 


cause it was the most expressive he ‘the axis of the test spe cimen and an | _ theory 7) - With regard to the latter, there | Th 

could find and because the action analysis of the stresses acting in the appear to be two schools of | thought: 
progressive (a reason: able a answer, t then principal directions s on the erystallo- one group sees real _ significance “4 
and now). graphic pi: anes, ~The specimens were energy 14 per se as a criterion of failure T 
"The concept of an endurance limit ek. subjected to repeated torsion and the while the other group (28, 29, 30) } 1 
ablished by the tests of James and resulting s ‘slip line es and fatigue cracks peints out that: if one considers randon tu 
Galton, Fairbairn and Wohler; this was ‘observed with a oscope. orientation one obtains, “analytically, be 
a necessary concept since the question is was found that slip occurred in accord- - approximately the same ratio, Bs fa 
not whether vibration has an effect. ‘cd ance with the maximun mn resolv ed ‘shear of torsion yield to tension yield. og OM 
‘metal, but what vibration amplitude is se Ba traversing ‘around a single — An While a complete theory has as yet | - 
‘required for an effect to ms itself. crystal specimen subjec ted to torsionthe not been determined, it ean at least 
~— (Arehibs ld Slate, for example, ran all of directions of maximum resolved shear a said that, for ductile materials, shear | ™ 
his tests under the endurance limit a -e stress change, and it is interesting to. is the basic mechanism determining the | ™ 
‘he f the mets ullurgieal micro- note how sharply the lines ¢ change i in start of failure. Since ple isticity is ‘| 

seope, in studying e effects of fatigue, st sug- accordingly. also a shear phenomenon, the large wi 
gested nearly 100 years Ago, was of Slip behavior as just described is pro- 3 amount of work in the field of plasticity 
great importance ‘in advancing knowl-_ ‘duced by static loading or by repeated will undoubtedly produce results which M 


eful in the fatigue field. Th | ™ 


edge of the mechanism of fatigue of loading. ith repeated loading there will be 


metals. A number of excellent papers is a tendency to back and forth ona theory of is of interest i 
aling with research by metallographic rtieular slip plane; this us sually ‘in this connecti tion, al 
methods appeared in the years just be- brings forth a “contest” between two X-ray diffraction have b at 
-. fore and after the turn of the century. _—ttendencies: a tendency to work harden. used to determine structural changs be 
milestone a long this road is the in the region of the slipping surfaces associated with failure (32, 33, 34, 38). 


work of Ewing and Rosenhain (18) in anda tendency for the slipping surfaces p A breakdown of the grains into @ mass ie 
deseribing “slip bands” and thereby — to break down into a separation or — of crystallites having a limiting size of 


showing what happens as as elastic con- Sometimes the first predomi- to” 10-5 em. occurs whether static 
ditions: become exceeded locally. By nates, as in the ‘case of understressing or repeated los iding is used to produce 
ining the : specimen after ‘polishing Ww here there is is considerable slip but ~ failure. Cycling to failure results in . 

1 etching, it became possible to ob- _ failure, and sometimes the latter pre- F “he avy lattice distortion of the crystal % 
tain observable effects. dominates in which case the usual lites, indicating severe internal stresses in bi 
was followed by the work of fatigue failure results. The conditions eryst: allites. Later tests by Wood i 


_ Ewing and Humphrey y (19) wherein the 
£ behavior of polished and etched 
specimen subjected repeated stress 


which determine the outcome of 4 his associates (36) have shown re be 
“contest” are not well under stood. 7 -sidual stresses in the lattice (not to be 2 


-Orowan (26) ha as suggested a model confused with gross residual stressesina | 


was observed under a microscope. — The wherein a plas stie ele ment in an elastic ~ test specimen) as a result: of y ielding. é 
connection between slip a and ev entual surrounding unde srgoes strain hardening Further work of this kind needs to be | . 
- breakdown in fatigue was es as established by in decreasing amounts with numbers of —— done in close correl: ition | with eycling | b= 
this work. Regions of heavy slip were cycles. As the plastic element strain ~ tests in- ‘the region of the endurance ? 
shown on polishing and etching to have hardens, the stress acting on the ele limit. di 
eloped cracks corresponding i in loca- ment increases. If the stress reaches ~The elec ctron microscope been 
tion to the original slip lines. the failure value, a crack occurs and —_used to study the slip process in alu- 
a Scientific work in a new direction i itigue failure follows due to the spread- minum cryst: als ( (37) ~ ‘slip line” or | 
not without a certain excitement, as 0 ing of the crack. If the plastie element ‘slip band” in aluminum was shown © J ex 
can sense by reading the discussion (20) _ does not attain the critical failure Value bea laminar region consisting of a large | % 


Joshua Field, F.R.S., President See also previous work on s 


4 See review of recent views on energy theorise 
; of Institutien of Civil Engineers, 1849. subjected to static stress (24, 25). ete ‘ 
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umber of about. 200 A thick explon 


nd relatively displaced about 2000 A. 


hanism of slip 
the shove fel is ‘re these ov or in with mi aximum resolved 


repre. If this technique could be used to. border on each other. It should be shear stress has been mentioned, At- 

basic termine the effects of eyeling, it seems. out that considerable scatter is tention has been called to the commen 
poses a better understanding would upt to oce ur in. rupture: e testing; from ground of plasticity and fatigue. The 

ade. obtained of mechanism of the - an of the work of Gurney use of the X-ray diffraction method has 

of into separation and Pearson (38) it is quite ev ident been noted, as well as possible use of 
cracking. =. they had not approached the the electron microscope. onditions <a 
rail It is of interest to examine the con- __ problem statistically by using: a large oo of failure in glass and in lead at room 

ditions of failure in a material where of specimens (72 specimens temperature and in steel at high tem-_ 

intog | and work- harden: ning not exist. were used for each curve) the results perature have been mentioned. 

anders | Zests have been made of glass rods’ (36) would have been too seattered to be of ics conclusion, while we have learned 


in bending under three conditions—(a) any 
nonrotating, (b) rotating 14 rpm., and 


ee a great deal about the nature of fatigue 


ashion 


to the | tin die: | of metals in the past 100 years, it is ap-— 
should | © rotating 10,000 rpm. For’ various ‘Boas. parent that the mechanism of slip, of 
hough # stress levels, the average time to frae- _ have indicated that a mechanism other creep-rupture, - and of fatigue cracking 


ture was found to to — ately the than slip may be operating near the afford ample opportunities for research. 
ame boundaries d def 
same. oundaries during deformation. Fur- It is hoped that this brief paper will 
‘= It is of course met known that steel g ther work in this direction may have a serve to stimulate further work in this: 
at t constant stress and high temperature bearing» on the mode of failure (trans- fiel ld, and that the review : and 


1 will fracture with time, the time inter- _ crystalline or inter- ‘stalline) ences given will be helpful to those 
val depending on the applied stress. cussed above. A ent paper by contempl: uting work aimed at furthering 
This is the so-called “cree p-rupture’” Radavic (42) seems to indice: ate th it our know ledge of the mechanisn of fail- 
phenomenon, which has become of electron microscope may be useful of materials, 
vee in | major importance in gas turbine design. in studying grain boundary phenomena. ar 
failue The same phenomenon occurs in lead The ¢ grain bound: aries” of ingot iron 
9, 30) room temperature. Creep- rupture frac- varied from 0.08 to over 0.4 micron in REverences 
tures in general are char: acterized by thickness. Certain | brittle conditions | R. H. Parsons, “History of the 
tically, being inter-crystalline, while the usual ‘seemed to be. assoc iated ith the Institution of Engi- 
v3, fatigue fractures are trans-crystalline boundaries hanical Engrs., 
as tests were made at 1200 F. of 0. — DING REMARKS Axles,” >roceedings, ‘Inst. -Mechani- 
east be per cent steel at 300 cycles per As implied bv the title, we have been cal ‘ngrs., 1847-1849 (no olume 
shear ninute and at 2500 cycles per minute; concerned in this paper with the nature number). 
(3) Discussion, Proceed ngs, Inst. Me- 
ing ‘thes When -of -cycle- of fatigue. There is of course an rs., 1850-1851 (no Vol- 
city is | basis the curves were separate, but engineering side of fatigue of metals ume numbe "Meeting January 23, 
ange. when plotted on a time-to-fracture basis “concerned “with the accumul: ation of _ 1850, p. 16. ding April 24, 
asticity one curve represented both sets of data. extensive and valuable data for design 
y 
Moore cites this asa coincidenc e, but use. . It is | beyond the | scope of this Albert, “Ueber Tre lars,” 


The one cannot but notice the simi- 
nterest larity to the results with glass. Moore 
a also states that in fatigue tests of lead 
ve been cat room temperature ‘the time-to y-frac- 
ture seems to decrease as the frequency 


_ paper to review the achievements on 
the engineering side or to mention the 
impertant’ men responsible for the main. 


Archiv fiir Mineralogie, Geognosie, 
ergbau und Vol. 10, 
215 (1837); see also oO. Hoppe, 
Alberts V ersuc he und Erfindungen,” 
Stahl und pn, Vol. I 16, p. 437 


results. - There i is even a large research 


“field in fatigue of metals, apart. (1896). 

34, 35). increases, research on mechanism of failure, deal- (6) James Nasmyth, ‘‘On the Strength of 
With — ‘mechanism of failure Hamme red and Annealed Bars of 


— ing with effects of vary ing loads, under- - 
stressing, ov erstressing, size effect, notch 
effect, application o of ‘statistical jeory, 


a 
size of 


Iron and Railw ay Axles,’ ’ Ibid., p. 

fon Charles’ ‘Hood, “On Some_ Peculiar 

hanges in the Internal Structures of 


elevated temperature, the work of 
Hanson a and Wheeler (40) is of ‘interest. 


‘They ma e microscopic examinations 


r static 


ete. Again these are outside the scope 
produce | Tron, Independent of, and Subse- 
of aluminum specimens subjected s 16 a ee Iron, Independent of, and Subse 
sults tinged loadi I ‘te - the pres ent paper" quent to, the Several Processes “of 
crystal ged loading mperatures up the present paper we have noted Manufacture,” roceedings, “Inst. 


to 400 C. They ‘found that at the 


ew the limited knowledge: of the early Civil Engrs., Vol. 2, p. 180 (1842- 


Wood higher temper: tures, the number of slip 1800's with regard to mechanics of ma- 1843). Meeting of June 21, 1842, 
Te lines ‘increased to an extent that they terials w: as entirely inadequate to (8) C. Vignoles, Straight Axles for 
own: lifficult to detect. Locomotives,’ Transactions, British 
ot to be detect. In other plain the mysterious failures occurring Association Advancement Science, 


sses ina | Words, for a giv en deformation, an in- due to the advent of steam-driven 
rielding. creased number of steps means smaller chinery The metal presumably “crys- 
te displacements; it was suggested ths at illized,” but it was not “generally 
some cases the ne slip lines may be i ein- ‘realized that repetition of loading wi 


Vol. 12, p. 104 (1842), 
— (9) W. Rankine, “On the Causes of the 
‘Unexpe xcted Breakage of the Jour- 
nals of Railway Axles; and on the 


Means of Preventing Such Accidents 


cy cling 


visible under the m microscope. se a 


duranee_ olved. . We have noted how the Observing the Law of Continuity 
It is quite evident that a fruitful concept, of an -endur ance limit Was in Their Construction,” 
aa ; _— for research lies ahead i in the tablished. We have also seen how the _ Ua Inst. Civil Engrs., Vol. 2, p. 105 
line’ or be has been proved unsound by metal- Mapes, American Institute of 
is an eapecis striking result w one City of New = ork Vol. 3, p. 
to } that the volume of material subjected to lographic studies. Further, we hav 148 (1842. 1844) Pp. 
a large Peak stress is different in the rotating and outst: nding work j in more recent 
totating cases and that the time at peak stress of h ol l d (10a) teport of the C ‘ommissioners Ap- 
, | “¥ given point is different in rotating and times wit 1 single crystals anc groups or pointed toInquireinto the Applicat ion 
rotating cases. The above two circumstances of Iron to Railway Structures,’ m. 
| "ay offset each other; this could be clarified Cl 
special tests planned’ to owes and Sons, London, for Her 


eliminate one of 16 Reviews of a ves have been 


shed in recent years (39,43). Majest v's Stationery Office (18 49) 
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TIMOSHENKO \(by letter).—We 
mas have to thank Mr. Peterson for his 
paper on fatigue of metals in which the | 
most important steps of develop- 

7, “ment in this important field are briefly 
discussed , and we principal bibliogrs phy 
is presented. ‘Tt seems very desirable 
have made from time time by 
experts such reviews of v arious fields of — 


To me the historical part of the p: per 

is especially interesting. - eterson tells 

‘us about discussions on fatigue of metals 

which took place a hundred years 

in the J ondon meeting of the —— 


railway ‘constructio m. 
a 


“new probler ‘ms for engineers to solve, new 


question | of fatigue of me ‘tals was of 
_ primary importance for English engi- 


neers. That the time when the | 


famous ‘ ‘Report of the “commissioners 
. appointed to inquire into the applica- 
tion of iron to railway structures” was: 
publis hed (1849), and nglish 
Board of Trade tried to formulate some 


stresses in develop 


bridge construe 


Simila r interest im fatigue of meta 


4 


of Mechanical Engineers. ngland wa is also in other countries. Re- 
at that time the leading country in the _ ently 1 have read ee two 
Stanford Univ ersity, Palo Alto, Calif. ate 2, p. 114, Third Edition (1862). — ne 


There coaches on French h highways. the 


‘materials to be investigated, and th the came to the conclusion that the axle 


-eracks may be developed in the axle 


ee in charge of postale 


basis of twelve years of experience they 


~- be renovated after every 60,000 
kilometers of service, since it is likely 
that due to stress fluctuation and re 


peated impact that service, thin 


in the places of sharp change of cros* | infor 
section. T hey y say that if proper attel | Work 
tion is not given, these cracks gradually ‘bun 
under service conditions and | to es 
‘ecommend eliminating sharp. change Jan 
cross-sectional dimensions and sharp Only 


reentrant corners from which - the cracks 
usually start to develop. In conelt 
‘they giv — 
February 1950 
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p partic ular material can a designer G Fairbairn 

Proper rly select safe dimensions of axles. Wohler. As the result of tests of iron 
-Wohler’s work tod: deflected by a cam 

(1854), it seems tha at in France | this ‘ly see that this work is de- a (Fig. »), James and Galton in the 1849 

term was used earlier 4 find that J. V. i peter on a much higher scientific level gy Cc ommission Report® state: “It must | 

Poncelet i in his lectures on ‘applied than all investigations made before him therefore be conclud Jed th: at iron bars” 

mechanics® (18 39), given to workers in and it seems | here is no mists ake if we will searcely bear the reiterated appli- 


"Regarding the term ‘ itigue, 
‘the e author ase ribes to Mr. Br. aithwaite 


Metz, speaks of “‘fatigue” of mets als ice W dhler as the first e ngineer who cation of one third their breaking weight 
Dauer | under ac tion of repeated of brought ‘scientific methods to he in- injury.” cast-iron bars 
24 De stress. vestigation fatigue of ‘materials. tested simple beams _were 3 in. 
y. 1949 conce ept of ance limit” . Pererson (author's clos- squ: ire and hi ad a span of 13 34 ft it. The 
must be ascribe d, in my opinion, to is rather interesting that the static breaking defiection as about 


vod, “A Wohler. The investigators, H. James 4 ussion concerns - the in. During ¢ yelic testing a per-— 
= 


Atomic and D. Galton, who worked in fatigue part of the paper dealing with early” manent set_of abs vat in. o¢ curred 
before W ohler, do not speak of magni-_ story of fatigue. The author must_ eye 


179, p. | tude of str : admit that he had some doubts about 


sses in bars subjected to re- 
» p. 22 cated transverse loading and unload- this part of the paper, stemming partly 


sii 


3-] Bsc 

ing. They arr: ange the experiments | from a feeling of treading unfamiliar in “the test 

hockley, that ‘the m: iximum deflection, in their ground and partly from wonde ring account of the perm: inent set. It see 


Crystals tests, represe nts the de flection — whi ich whether readers would really be inter- ; 
Aectron | would be produced by a de inite por- ested in early historical material. If ‘not invalidate their “conclusions, partie. 
tion of the ultimate load. But since find some pleasure discussing such ularly the gener: al ide a a limiting 
ical So. | before fracture oceurs the b obtain ‘material, perh haps we will feel be tter value. 
considerable permanent set, we cannot about using” some ‘the § Society Unfortunately, the interenting results” 
‘Fatigue | make a definite conc lusion regarding — valuable space if we ‘recall the adage of | of James and Galton do not seem to have 
maximum stresses: used in those experi- Cicero “He who knows | only his own been presented formally before a techni-. 


"192° ments. At the same time the concept generation remains —always child.’ 


that such ¢ a testing procedure shoul d 


of “endurance limit’? is closely con- Timoshenko states that the concept 
ne ne eport of the Commissioners appointed to 
nected with the notion of the | of endurance limit’’ must be as scribed 


Structures," Wm. Clowes and Sons, 
Boy r Majesty's Stationery Office (1849). 
is on file in the British Patent ites London. 


Procéed. stress. to Wohler , Whereas the author associ- 
Vol. 49 Wohler in his work of 18: 56-1857 ated this concept with the names 
der Pro- 


ves, “On 

Defor- 
1 Aggre- 
(Lon- 
9 (1948). 
of Grain 
n Miecro- 
Am. Soe. 
9). 
“atigue, 4 

(1947 ). 


fracture of rs ailws ay axles proceeds i in 


| postale perfectly logic: al way: Using certain 
On the } devices, which he deve himself, 
nee they he measures the maximum deforma- 
les 
aX tions of axles in bending and torsion 
y 60,000 under service conditions. sing now a 
is likely dynamometer he establishes the 
| direct test the forces which must act on 
| ales in ser 
ines in service and calculates the cor- 
axles ‘sponding peak stresses. Having thi 
of crost iormation he plans his experimenta 
er atten | work and tries, application of a large 
radually | tumber of cy cles of rey ersal of stresses, 
establish for each material the limit- 
ig stress which can be safely 


an inwefinitely large number of times. 


Only by having this limiting | stress ior: 
oncelet, ‘‘Introduction a la Mécanique 
lodustrielle, " p. 317, Third Edition, This edi- 

ton is a reprint of second edition of 1839. 
‘Zeitschrift fir Bauwesen, Vol. 8 
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p. 641 (1858). 
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Fi 2.— Apparatus Suggested by 


ing te Toke E Ingineers on applic to other problems. sion” dated I Dec ember 16 1847, “Pain 
_ Mare h 12, 1850, states (r erage to the - But in fairness to the mechanical engi- a bairn suggested the apparatus shown j in 


_ neers, it should be realized that it must Ag ] cng He states that “In the present 
that to ‘resist the “not have been altogether obvious that ‘state of our knowledge the subject of 
flexure, iron should scarcely | re allowed _ there is a connection between a test . the effects of vibratory action upon, 

suffer a deflection equal to one third wherein a piece is bent bi acl k and forth et: ils is but imperfectly understood. 


its ultimate deflection.” anda rotating railway axle su subjec ted toa the suggestions: which I have ll 


As mentioned in the pres ent paper, substantially constant bending moment. thrown out for consideration, | have 


the significance of the James and Galton Further mention of the Ja James: and confined myself almost exclusively | to 
findings did not seem to be fully appre- Galton n findings oc occurred in meet- experiments on: small 


ciated at the time; while the results — ings of the Institution of Civil Engi-— us might be done at moderate expense, 


were discussed before the Institution of neers, and the- statement quoted was T he James sand ( ( on machine (Fig ig. 


Civil Engineers (as mentioned abov e), u sually the ge pretonry one of James and was ‘apparently ‘an outcome of Fair. 


there is no recorded discussion of the = G alton (1849), which expresses a limiting — 7 _bairn’s recommendations. 


results in the meetings of the Insti itu- va alue for iron and makes no reference It seems that our discussion of the 


tion of Mechanical Engineers, which to “bridge design. Since Wohler prese ent paper been concerned en- 
occurred at about the same time and . oli shed a sketch of his machine in 1858 -tirely with the state of knowledge exis ste 
which are discussed in some detail in and published his first results in 1860 it ing a century ago; in this situation per- a 
present paper. This is perhaps not would seem that the idea of a limiting haps _ we shoul d agree with the intro. 


surprising “since the Commission was value existed earlier. ductory remarks of the author of ‘the 
the applica- Thi neant in : lee Hi f the Ins of Mec 
appointed “to, inquire into the applica- = This is not meant in ‘any way to de- © History of the Ins stitution of Mechanical 
tion of i iron to railway structures”? and trac t from the monumental of > ngineers 1847-1947: “To add 

the guide | the tes ats we re W ‘ohler. TI The excellence of his ‘testing interest to the story, a 
= ‘machine designs and the ! logie progress ber the discussions of the first half- 
€W. Fairbairn, “On Tubular Girder of his experiments can only be appreci- entury have been considered with the 


Proceedings, Inst. Civil Engrs., Vol. 9, P. 278° 4 
(1819-1890). Meeting of March 12, 1890." ated by studying his original papers. object of indicating the opinions 


T he C ommission was appointed at the is safe to s say “that W bhler did not practices of the pe riod. The discussions 
St t = 

Victoria, August 27, know | about the British work, just as the second half- century are too neat 


fined as follows: ‘...shall endeavour to ascer- y 
tain such principles and form such rules as may B British in reporting Wohler’ S wo own: tim 1€ for any suc ‘h selection to 


enable the E Sngineer or Mechanic, in their respec-_ not know about “the James and justifis able at present and the duty of 
t t t 

sad bo lll Galton work. The story of Wohler’s aking it can tter be left to some 


action which takes place under varying circum- e@ ssic W ( I 
stances in Iron Railway Bridges whie h have bee sic work be tol but this wi il 


Modern Evaluation of Residual Stes 


K. Heindlhofer 


ts new b 4 
Steel Co. is a hofer, Physicist, Research L aboratory, Tue of electron 
covering “Modern Steels and Their Prop- United States Steel Corp., provides the ory to the structure and properties of 
erties.” relates particularly to car- advanced treatise on the nature, _detec- metals and alloys has aroused much inter 
steel bars. C Comprising 230 tion, “measure! me nt, and an: alysis of re- st, but presents great difficulty to = 
7 pages, 6 by 9-in. page size, the book isin- _sidual stress It enables the student to nonmathematical reader. This book, 
tended to provide authoritative, but dow use various recently i invented instru- “Elect trons, Atoms, Met als, and Alloys,” 
—to-earth information on bars and bar ments, such as electric strain gages, in the by Dr. W illiam Hume-Rother ry, Lecturer, 
material. Following a brief metallurgical effective study of residual stress, and to Univ ersity of Oxford, England, is in 
introduction, there are a number of short — _ interpret the results with accuracy. tended for the reader to whom the ordinary 


articles on current developments together Following an exposition of the signifi. _ textbook descriptions are unattractive. 


with numerous a ite tables of ds ata. cance of residual stress in oe metal indus- The subject matter is divided into four 

is 

am, section deve some 40 pages; 

relating to alloy, about 60 pages. For orientation. 4 a young “scien 
each steel there is a chart Pertinent phases of the elastic- tist, and brings out clearly the contrast 
showing average values and on a facing ity and the critical representation of the | betwee yn the old and new viewpoints. 
page, data on mass effect. There is a - data are then examined, and the impossi- Although written | primarily for the 
information on the end- -quench harden-— bility of calculating residual stress within metallurgical reader, many others will 
ability test, with Dio lgiaaiacal the body from observations restricted to _find the book valuable as an elementary 

the surface is discussed. introduction to modern atomic th 
chapters are devoted to methods of while’ for m any students the book may 
observation and necessary instruments _ serve as an easy introduction to the more 

= meen analysis, supersonics, the and circuits. The book concludes with ex- formal treatment of the standard Ba 
Copies of the publication will be dis- Having 196 pages, the book may be ob- 377-page book distributed bs 
tributed to those making application to rae _ tained at $4 per copy from the McGraw- lliffe & Sons, Ltd. Dorset House, Stam 


the Publications Dept., Bethlehem Steel Hill Book Co., 330 We 42nd St., New London 8. 
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on ion 1 of Radi 
ctive Isotopes to Materials Testing 
during A.S 
the advisability of org nizing a 
mittee on the use of radioactive | 
Jems (some of these are set forth in the : 
exte nded quite r: idly, 
At this conference it ‘is intended to | 7 


AU ‘CONFE RENCE will | 
is Pittsburgh on Wednesday, March 1, 
1948 Marburg Lecture by Dr. Aeber-_ 
review the enginee ring ations of 


r page 


1g the 
first 


at 8:00 p.m., in the Willis um P enn Hotel, | 
which consider: ation will be given 

A number of uses are now being m: ade 
these isot ypes in various testing prob- 
old), particularly in chemical analysis, U. 8. 
and it may well be that these uses will a 


AW 


‘tion, 
ington ¢, D. 
anical 
dd Casting Institute 
= 
t half. “For 
th the tions lo the 
and ee 4 industry and proces: 
and 
0 near 
‘ion to of authorities 
uty of and experts such as constitute the Soe wall 


membership and BULLETIN readers, one 

might expect to learn of differe nt systen ms: 

and techniques that 1 might. be used = 
connection with devices and games co 
to extract “coin of the realm” from those 
who are willing to také a ¢ hance on the — 
infrequent returns from such hazards. 
Actually, the followireg . excerpt from a 
statement will not reveal say 
for “bres aking bank at Monte 


ne his- 


7 


‘necessary ‘certain specis fiel Is 


This relates to a sympos sium of numerical en 

analysis. This is a new branch of applied ® arch | 
rties of mathematics. — — interested can get arch 
h inter- further informs: ation by contact ing the 


to the National ‘Bureau of St: and: ards rds in Wa Wash- 


loys,” “The arlo method can be 
scribed quite generally as representation March 20 


ofa physical or mathematical system by a 
sampling ope ration satisfying the same 
probability uws as the sy stem itself. 

hus, for example, the numerical integr: ies 

tion of partial differential equations of a_ 

gertain type can be ac complished by 
building up a large sample of trials of cer- 
tain stochastic processes whose probabilit y : 

asy mptotically satisfy the dif- 


ont March 21 
March 2 


ch 


contrast ferential equations. certain physic: Mareh 2 
rpoints. situations, the physicist may prefer 
or the place primary emphasis on the “random « 


processes and the associ: ited sampling 
; operations, regarding them as a new kind 
‘ical model.” 
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Wood- Preservers' Association 
The 1949 Proceedings of the Ame rican 


Wood. Preservers’ As 


volume was publishe d in 1905 
.T.M. Committee Week Proceedings contains fifteen tec al 

papers and thirty-three reports of standing 
committees, Subjects discussed provide a 
broad aceount of the many phases of woo. 

preservation inc luding preservativ eS, treat 
methods, and service 


mining: 
supplementary 
Preservation $ 

: collected and compiled by Henry B. Steer: 


U nited States are listes 


y the he radqui arters office of 
839 Seventeenth St., 


Doehler Award—Am evican Di 


a $500 honorafium is awarded each 
year to the most eligible individual, group, 
tec hnic soc ie ty, or tec ‘hnie soe 


Casting Institute, the award is based on 
the year’s outsts anding, contribution which: he 


Te tative ) 


Vk. March 20. 
(Tentative) 


April 21 
il 27-28 Committee D-10 


ae hieveme nt, (2) 

adv: ancement in a ant operation, or (3) an 
enhancement of the reputation and ac- 
ceptability of die casting although not 
primarily of a scientific or operational 
and papers are 


size has been adapted 
first change i in form since the 


April 30, by the . Award C omnuittee, Asoeri 
can Die Casting 366 Madison 
York 17,3 i 


re cords. 


are de alt with, Import 
matter includes “Wood 


Statistics” for the ye ar 1948, 
of the 


F orest Se rvic Iwo hundred 


Technologists, for 1949 are now available. 
covers the technical sessions of 


association hel la ut Detroit, Mich., 


51040, 
in the after 
ary 44 and: and afte 
sessions of February 15 are published 
this volume. These papers should be 
tribu-— of considerable interest to those concerned 
in bituminous pay ing, covering such phases: 


Associa 1a- 
N.W., 
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ment of the die “casting 
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the Doehler Plaq: the cause ard treatment of slippery 


the effect. t of ‘fillers on the 


paving mixture 
design; several methods of testing includ- 
a. the triaxial stability method and other 
papers.of similar interest. Copies may be = 
from the Sec rets ary-Treasurer, 
ast E enginee Builk ling, 


~Arbor, Mich., ata price of $4. = 


pavements; 


durability ‘of a asphalt ; 
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